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ortland cement does not form compounds i ins luble in water Sef rosive to 


‘ealcium carbonate. The solubility of calcium onate on the 


alkalinity, hydrogen- -ion concentration, and other salts. in the water. 


e of the generally ‘assumed compounds: calcium and ‘silic may n 
i 


- exist in coment, é ‘Tt 18 possible that t e excess of ca. cium in concrete over that | 


theoretically ‘required to | ‘combine with certain proportions of silica is attrib- 
utable to surface adsorption or to a solid ‘solution. — Finely ground hydrated fy. 


2 


‘Portland cement gives off calcium: hydroxide approximately to | the. point: of 
calcium, hydroxide saturation. The saturation equilibrium by,, the 
dition. high quantities of water, forming: a curve that, does. not, indi 


noid cles, of -cement tend. to. coagulate 


499282 


* tion somewhat similar to a “meshw ork of. minute fibers filling the space bh between 


¥ larger particles. The hydration of cement probably. follows, the general law 


. of the chemical changes of, solids, _namely; that a, solid: : does not, change in 


‘chemical composition without first going into the soluble state. In the case of 


7 Portland cement the. solution and reprecipitation apparently takes place, with- : 
. out. a any material change in the » shape or size of the individual cement particles, Fi 


4 except, that the particles ‘actually unite, in, the newly formed solid ;; where they 


Porosity, is .a,.very,, important, factor. determining gonerete 


71 


soluble, compounds ‘tom the. interior ‘to the surface. ; Water. molecules ; appar. 
ently are. oriented when, they ar are against any solid This is, ‘the orderly 


with, the anolecules, somewhat. distant from. the eurface. Such a phenomenon 
engineering is called surface friction.:, When. two, solids, are submerged with 
part, of, their surfaces close, together the oriented layers of .water. may jo 


and there is little, moyement of the water molecules between. the surfaces, m1 If 


surfaces,are sO. close. together that the oriented water layers unite. through- 


Notse.—This paper is issued before ;the! date) set for presentation and: discussion, . Cor- 
is invited and may be sent by. mail to the Secretary. Discussion on the paper 
will’ be closed::in» August, 1926, the paper, with’ discussion’ in full, 
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side surface, This j is the ideal condition resisting corrosion. 
method of the voids i in 1 conerete is is given | in n this ‘paper. 


Changes taking place in concrete exposed to water or to the weather 
usually the liberation of calcium hydroxide, and its combination with | car- 
bonie acid to form calcium ‘carbonate. If the water i ‘is corrosive to calcium 
carbonate it will be dissolved , gradually, but the rate at which it goes ~ 
solution is slow. The gelatinous compounds of ‘alumina and silica remain- ‘| 


Riso 3 ing after the calcium has | been dissolved greatly aid i in decreasing the solution 

rate as the diffusion through such compounds i is slow. Freezing or consid- ‘~ Fi 
erable surface friction astens the rate of corrosion, largely by removing 


tea tery 


Moisture | evaporatin from a concrete surface tends to goncentr de- 


structive com pounds, ry present, at various points. The surface of most 


‘the concrete exposed to Water’ corrosive to calcium carbonate should be water- 


Structures valued at many millions of dollars are now showing deteriora- 


tion” where ‘they are exposed to water and freezing weather. “many in- 3 


the structures, and millions of dollars will have to be spent on repairs and 


yeplacements: within ‘the next decade to keep them in ‘serviceable condition. 
‘This should make the problem of concrete corrosion of great interest. D E ngi- 
Ba neers have been too ready to place all the blame for disintegration on ‘poor 


construction, ‘and have not fully realized that concrete has its limitations, 
af 


is the purpose of this Paper to point ‘out a few ¢ causes for disintegration its 


‘stances ‘thé’ deteriotatio mn has progressed to a point where ‘it is jeopardizing 


% be them, but in most instances there is a similarity suggesting a common cause. a q 
It is hoped that these few fundamental facts that have been established will 
4 


complex nature that it will 1 require re years patient ‘research fully. ‘explain 


’ 


bea start in the solution of this important problem. 


seems “essential ‘to use one chemical term that may not be 
by engineers. The ‘symbol, pH, is to represent the concentration of dis- 
sociated hydrogen i -ions in the water, Pure water dissociates slightly 
positively charged hydrogen-ions an d negatively charged hydroxyl-ions 
(O#H-), which bear a certain ratio ont each other. The addition of acid or 


alkaline compounds changes this ratio. Pure water at a pH of 7 has approxi- 

mately 0.0001 parts per million of dissociated hydrogen-ions. At a pH of 8 
the hydrogen-ions are only ‘one- tenth the amount ata pH of 4, and at a pH 
of 9 only one one-hundredth the amount.  ' pH of 6 has ten times as. many 


‘dissociated hydrogen-ions as a pH of 7. 3 The pH has a very. important bear- 
ing on the saturation equilibrium of certain. compounds. wi 
it ia? Corrosion as used in the paper is distinguished from disintegration 1 in that 


it isa weakening of the conerete by. the dissolving « of certain, compounds from — 
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cement, Disin of weak. concrete may be caused. by’ freezing 
"when there may been no dissolving or changing of the cement com- 


Sonvsmiry, OF | Most OF THE ComPouNDs IN ist 
Heretofore engineers have assumed that Portland cement formed com 


_ pounds insoluble in water, It will be shown that this is not the case. The its 


j - fact that there is usually an intermediate change to calcium carbonate makes — 


problem, effect, one. of the solubility of calcium carbonate plus the 
p otective action of certain gelatinous ‘compounds. Ate 

As shown by the equilibrium curves Fig. 1 the solubility | 
carbonate depends the alkalinity ‘and hydrogen ion concentration of the 


surrounding solution. Certain salts in’ 4 


jon concentration ( C H), determined colorimetrically. 
vil SOLUBILITY OF CALCIUM CARBONATE IN a 
a DISTILLED WATER AND IN 10 PER CENT 
9TB non SOLUTIONS OF SODIUM CHLORIDE 


Logbo 


a 


sere 


procedure in obtaining these curves was as follows: For the deter 
mination of the curve without neutral salts about 50 grammes each of calcium = 


we 
carbonate from three: ‘different sources was pulverized in a laboratory n mortar 
and. put into 3 300-cu. em. glass- stoppered bottles. Chemically pure ealcium 


carbonate, pulverized limestone, and the surface crystals from a ‘saturated 
olution of lime water were the three substances. Both distilled water. and 


water from t the supply. of Baltimore, Md., was used it was changed 
eral times: before the first results were recorded. High alkalinity concentra: 


by passing carbon dioxide through the solution. . ~The 
bottles containing the calcium carbonate were ‘filled with ater, glass 
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N OF CONCRETE 
en the specimens: “were allowed to stand 
atory week \with: an occasional shaking. Later experiments have been 


x Tun in which pyrex flasks were used and more than a month allowed for solu~ 

_ bility equilibrium to become established. — The same general procedure was 

followed for est establishing the curves where neutral were present. 
The rate’ at which Teactions (such as the dissolving or ‘precipitating of 

carbonate) take! place near the « curve ‘may be’ extrenicly slow; but 


as the distance increases the rate of solution or precipitation wicseedecinapidis: * 
Calcium carbonate solubility equilibrium might be called ‘one: of the 


mental forces of Nature, and it is the reall key: to concrete eorrosion un der 

many conditions | of. exposure. From. the fact that’ rain water has: practically 


no alkalinity: and a pH © usually less than 6; 0, its readily shown = 


how corrosive concrete it miay’ be. Nearly all ‘surface: waters will! dissolve 
Line 


¢alcium -carbonate, but the rate is quite variable: “More than) 90% of the 


Pas total. ealcium in concrete will be dissolved by water slightly corrosive to: cal- 
carbonate.’ ‘The remaining are: usually ‘soft and 


ind filings 


‘nous nature. bas . | hodetldstes 919%" 


Cuemican Compounps as AssumMEp May not Exist 
Much: has-been written regarding the chemical composition. of Portland 


cement. t. This! pay 
theories as to: the compounds formed, except to show either that there are a 


a number of compounds formed * in concrete, or that stable compgunds of high | 


calcium content do not exist. | The ; gradual. ikhge in n equilibrium, as shown by 
curves in Fig. 2, the fi fact that if there are defi nite stable 


compounds of ‘caleium and. silica in concrete, they “are proba ly compounds 


lower calcium content_ than tri- caléium silicate, and additional 


calcium above these stable. compounds may be merely in the-ns of a surface a 
Any soluble 


» OF, has already | been suggested, a solids solution. 
solid in contact. with water will dissolve Antil saturation is reached. Th ere 


are several factors that may vary thérate of solution, but, all conditions being 


equal, the saturated solition contains the same quantity of the dissolved 


"compo und. 2 8 shows, that this is not the case Portland 
cement or. conerete. There is_a _gradual. change tur 


ealeium'ts at leat two-thits of the ealeum has | 

While the of alkali in ‘solution, as shown by the curves of Fig. 2 

‘and by ‘Tables 1 1, 2:3; and 454 is expressed: in ‘parts: per ‘million: of ‘calcium! 

bonate « as determined ordinary alkalinity test, most of it'is in the form 


ae calcium’ hydrdéxide ‘with probably ‘just alittle sodium» atid ‘potassium: hy: 


droxide or. carbonate predent: for the first few extraction tests) To:obtain ‘the 
million of: caleium oxide, the! alkalinities ‘should ‘be multiplied "by 


56." The ‘saturation point: calcium hydroxide’ temperature ‘of 


is is approximately 1 340 parts per million of: calcium ‘oxide (CaO), 0 or, 
expressed in’ terms of alkalinity: as used'in diagtams and: tables,’ about 
2400. Any! material showing ‘an alkalinity of more than’ 2:400 probably: con- 


as sodiuim or ‘potassium, ‘or: contains: 
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Most: of n Fig. 2 were aft 
‘a specimen’ had ftom! 10\days to 2 weeks with frequent agitation. Soh 


bility equilibrium i is not quite reached in this. time; a few check tests = 


‘made in which from 2. to 4 months were allowed. ‘The longer periods: of stand- 


pulverized to the, po: point where. it: could: p: pass a 100- -mesh sieve. . 


VARIABLE CALCIUM SOLUBILITY OF HYDRATED 
_ PORTLAND CEMENT INDICATING THE POSSIBILITY 


tutles to, prevent‘abces 992 


of 


percentages of 
: oe ‘after hydration, which now seems doubtful, the most significant fact 


| 


demonstrated by these: tests is that such compounds are not stable i in the pres- 
ence of. ‘most natural waters. Compounds of calcium alumina are unstable 


in most surface waters, as chemists realize. 


certain other The concentration of attracted molecules 
may not be limited to the thickness of one molecule. “The amount of a 
pound which will be ads rbed depends on the surface area, the attractive: force 


the ‘solid, the temperature, the concentration of the compound being 
oe. thed in the surrounding phase (solution or Bas), and probably on other 
GRO? t buate o} bawolla baa vient wind eew. a! sid 
forces. ‘The, presence: ‘of compourids. inthe: solution which’ are. not ‘adsorbed 


affects amoun rate’ of adsorption. Tt is possible for cers 
ds to hold by surface adsory 
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ak wae. 
was" tue flasks to keep the sample thoroughly crushed, and = 
= td the flasks were tightly stoppered with rubber stoppers, In some instancés they er ae 
we 
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‘TABLE 1. Extraction, OF THE _ALKALIEs Hypratep PortTLaNp. 
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b gai 


IN PARTS PER MILLION. 


9.6 
9.4 


9.3 
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G0 G0 Go G0 G0 
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10-30 
10-80 
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~ *A cement mortar, 1 month old, was ‘pulveriaed very finely, and allowed to stand 1 week exposed 4 Ria 
e tothe air. A 2-gramme sample containing 1.19 grammes of CaO was used. The total CaO extracted, — sam 
as calculated from the olsaiinity tests, was 1.12 grammes, The residue at the end of the test con-— ‘tine i 
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Days 
‘standing. 


Amount of 


solution | PER MILLION 


withdrawn 
from flask, | 

incubic | 
centimeters.} phthalein. 


TABLE 2.—ExtTRACTION OF THE ALKALIES FRoM OLD ConcreETE. 


tre $ 


624 


464 


phir 


withdrawn 
in grammes, 


Gate 


cA 


rs 


a Se _ Fifty grammes of a pulverized sample of the top finish of a cement sidewalk more 


ca the particles that had lumped together. 
aa some of the teats before October re ed 


TABLE 3- —Exrracti 


ON OF THE ALKALIES FROM 


than 9 years old was used. — Sample tested 20% CaO A300-cu. cm., tightly stoppered flask was 
used. An iron ball was inserted in flask on October 9, 1924, in order to pulverize treaty 


hate 


tt 4 A 


PortLanp CEMENT.* 


ous 


Amount of 


ia-s 


19 


solution 
| withdrawn 

from flask, 
in.cubic | 


tg | centimeters. 


be ae 


 Phenol- . 
! phthalein. 


8 % 


5. 3 


i4 iit. 
14 


5 


Lis 


1 


952 


vont, 


216 
179 9g 


Methyl 
orange. 


1 944 
157% 


988 
iti 


sai: 


} iiss Neat cement mortar sealed in glass tube for six weeks. 


sample used. Cement ‘Mortar: tested 58. 32% Cao. liter flask used. 


Total 
withdrawn, 
in grammes. 


2:98 


Percentage 
total 


‘Pulverized, and ‘'10-gramme 


Methyl 
| 
— 
— 
| 
ett 


as | Amount of ALRALENITY, IN 
= _ __ solution “| PER MILLIon 
standing. from flask, 


‘ 


~-withd 
in grammes. 


1.57 


= 


oa 


6 


i 


- 
F 


$3 og 14, 
15.48 


es, 100 grammes of neat cement containing 65. 0 1 grammes of CaO was used. — Prior to. 
-November 12, 1924, the sample tended to form = ball inserted in 


be composed of a network ¢ ‘of ‘minute chains of ‘crystals, 
microscopic. in size, which | are “hard as the | original compact 
"solid. Surrounding these -erystals, or any solid which is submerged, is a. layer 


5 of water that has. ost its s power to flow.’ When the’ solid is exposed to ‘the air 
there al so appears to be a which does not flow. ‘These’ 


are probably or arrangement Sod the 
molecules next to th th 


“liquide and gases. ‘are adsorbed) are held attracted to a | is 


next to the surface, gradually diminishithg until 4 point is reached where the 
surface has no, effect,..S Some gelatinous ¢ ‘compounds are re able t o. hold, more 
‘fifty times their weight of water, agar being such’ compound.’ Water’ ‘does 


not. flow from ‘the gel regardless s of how long it n may be left with ‘unsupported 
It 


— yet there i is no impervious us membrane holding the et w water back. 
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ett 


ds to;overcome: of the solid, so that imper- 
vious: ata low pressure may. not 80 under: high ‘pressure, Clay may be 
nearly water- -tight, yet yet have more than 507% of its volume i in voids. Particles . a 
of the same shape: as. those: ‘composing the clay, but about 1mm. in diameter, — ‘oo 


4 may that the: total» “percentage: of ‘voids ‘is much less 


ve 


fact the: water ‘molecules: may. be adsorbed: or oriented against a 


solid surface aid thus’ prevented from: flowing gives’ a a good. illustration of the at 
owed of solid surfaces. ‘Orientation and adsorption are by 1 no o means confined 


Sie the water molecules, for the concentration: on:solid surfaces of molecules: dis- 


ae in | water covers & wide range >of ‘compounds and conditions. When-asolid 


has attraction for both acids and alkalies there is.a certain hydrogen- idn:con- 


centration at which practically no.acid i ions are. adsorbed, and another concen 


tration at which ‘practically no alkaline ions are adsorbed. Of Between ‘these 


| points both ions appear to be attracted to or near the s solid surface in variable 


quantities, depending» on hydrogen-i ion concentration and a of 


Chemical ‘compounds probably do not. change from one. compound 


“another: without’ first going into the liquid: stage. Certainly is the case 
with’ most changes, and future ‘research will probably: prove it) to be true for 


practically all ‘compounds. Most chemists ‘now believe that there are excep- 
to this rule, although every. indication: points to 'the fact that..cemen 


does follow the general rule, the hydration of Portland cement the dis- 
N 
"solving and: repreeipitation as as the | cement compounds ninite with the | water 


ae 


are left after lave been mixed with water Where 
* particles | touch, or are extremely close: together, the dissolving and reprecipita- 


‘tion builds ' them up together. It is this that gives cement its binding power. 


reaction progresses slowly; and possibly: requires considerable time before 
‘it-reaches the center of fairly large particles, if. it ever does. Reground cement 
several ‘years old usually has) a slight) tendency to set when, it has: been 
water, indicating that t the original reaction might’ not have been 
domplete for all the particles. ed) 6 aidT ai en dad 
nearly ‘saturated solution of calcium tends to. coagulate finely 
divided particles | of ‘Tmany: compounds, | and when the particles of cement 
caustic lime in turn, will partly coagulate: the finer particles of cement 
around tthe larger particles, giving ‘a ‘structural formation somewhat: as shown 
‘inh Fig. 8. The:full effect of this: tendency is not realized in in concrete 
“only ‘sufficient water:i is added for proper handling, for the fine | particles do not | 


become greatly dispersed in the: water: It is “not ‘possible tc to produce neat 
mixed. The 


hydration does not reduce. this is ouly ‘firma 


Be 

= q 

4 

» 
4 
in 

q 

> 
er 

= 
ff 
| 

= 

a 
to 5) 

7 
he 

4 

ft, 

Is, 
— 
val 
— 

a 
se » 

he 

‘4 
st 

he 

i 
— 
ill 

— 
} 


— mation within the voids ¢ of the cement, greatly reducing them a1 pocdnee dl 


There is a point, however, jing: ieteniy-all the voids are filled, where the 
layers of water or air close the against ‘rapid 
or  air- yet it. may y have more 20%, of i its ‘mortar volume as voids. 
: ye is the formation of calcium carbonate within concrete that gives it the great- q 
est protection from the weather, and this protection is largely the ‘result of | 
the mass to the impervious or stagnated’ stage. The gelatinous 
m inum hydroxide and silica offer’ the greatest y 


corrosion for 


tending to remove the gelatinous compounds from the outer conerete surface. 


TRUCTURAL FORMATION OF CEMENT Mortar 


Peat The addition of water: to cement, and the mixing, leaves it in a porous 

structural formation with a slight tendency to assume the characteristic mesh- 

work | of fibers as shown in Fig. 3. This is from a very porous section of con- q { 
a 
q 


rete; largely composed ‘of the coagulated finer particles which have reprecipi- 
tated into solid fibers. The drawing is partly camera lucida. It is:from - 


Ss greatly expanded part ¢ of ‘the mass, and was selected because it it would be — 
to show clearly the more compact. part. There « are numerous large particles 
varying i in size from those shown to others as large as the circle. A sand gr: grain 
—(«O. 5 mm. in diameter would be about twice the diameter of the circle. i b 

‘ a wteil true picture of the structural formation of hydrated cement mortar wend 
show a a structure with fibers much shorter, thicker, more irregular in shape, and 


‘more compact than shown in Fig. 3, with some particles as large as the entire 


_- Immediately after mixing with water every, ry particle of cement touches. or 
‘is extremely close to another particle, and usually to several others. pile 
aif of crushed stone will probably give some idea of the arrangement of ‘the cement \ 


- grains; “A however, this is not a correct: picture, for the finer particles of = 


tend to eongrulate : around the larger particles of cement or aggregate some- 


he as shown in Fig. 5. _This applies to the finer particles of dirt or silt 


as well as to the cement. To obtain Fig. 5, a small particle of sand, rejected — 
for use on the addition to the Montebello Filters i in 


water ‘was placed in a counting cell and a few of 


e _ The water was slightly agitated for about 5 min., and the camera lucida drawing _ 
SF ‘was made about 15 min. afterward. A gelatinous coating had formed : around 


practically all the particles of cement, as shown in Fig. 
Using the pile of stone to complete the illustration of the action of the { 
2 cement—the outside of the stones becomes plastic and adheres, and then solid- i 


ee ifies. again. They plastic part, representing the change from the oxides i in ce 


e liberated calcium hy ’ las 
war. 
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4.—Votume or 100 OF CEMENT MIXED 
QUANTITIES OF WATER. 


rd 3.—STRUCTURAL FORMATION OF PORTLAND CEMENT REPRESENTING 
ile 
be 
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be 


lar; 


the 
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the, hydroxides, gradually. s. toward the center of the mass, being fol- 
_lewed closely. by: the ‘solidification. Im, ease of cement there is no: plastic 


layer, but-itris-likely that.an,actual solution is| taking: place, ‘probably’ within 


particles 


oriented layers, of water, | ‘This. is not to convey the: idea that’ all. the 


uridergo this change, for, in cement, manufacture, in| heating several 


compounds, that may, have! different | melting ‘points, it is| probable that: tinso 


-uble,compounds.of, the; nature. of glass may be formed. It does apply, how 


to’ all particles undergoing hydration, which for some: cements consti- 
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is 08 Bdheringto Cement 
. . 5—ADHERENCE OF DIRT TO PARTICLES OF CEMENT SUBMERGED IN TURBID eremia he. 
When good materials have been used and properly mixed, the chief factor 
; oncrete will withstand the weathering agents is its 


porosity. _ Air-bubbles, which under ordinary practice are not excessive, have 


little effect. It is the spacing between the fibers or solid particles that deter 


ume of equal weights of cement — 
as shown in Fig. 4.. In this experimen 


mm with different — 
en 


mines its corrosive resisting power, © 


-- This is best i 


water 


used." volume is ‘minimum! when’ approximately 259% by weight 


by’ 


e | aximum of about 60 to 70% increases the voids, no 


of! water is used. This ‘is the point! of minimtim voids and probably’ the 
approximate point of maximum stréngth.' The addition of more water to a 


an expansion of ‘th ation. 


= 
SS 
vi 
— 
— 
te 
q 
— 
with variable quanti ties bf'w 
five batches, of 100 gra 
quantities of water plac 
om left to right 20, 25, 30, 40. and 60° cu! em: of 


of ‘particles-va varying from. -microscopic size to more than 0. mm. in 


2 Ae diameter. If: the total mass is expanded 50%, actually it will be much more 
‘than 50% for the finer particles that £ fill in between 1 the larger ‘ones. 


in: ihe fibers may be quite large i in proportion t to the actual volume of the cotton, 


‘the fibers” may be fairly uniformly ‘distributed throughout the “mass, 
‘this. same piec ece of cotton ‘were compressed about one-tenth its ‘original 


mane, tak closer “together. In the loose piece of cotton, ‘water from the 


interior of the mass would communicate much more rapidly by diffusion than . 


in the compressed mass; that i is, a certain salt in solution may diffuse through - 

a in. of the loose cotton within 10: min., whereas it might take 100 hours or 


quite 
re from a 7 
minimum. of 22% of the volume, with 20% by weight of Shine to a maximum . 


49%, with 0% of "water, ‘represents a considerable variation in the expan- 


sion of the cement | particles. If the diffusion rates varied only in proportion 
the voids the ‘quantity of water 1 used would make little. difference, but on 
ee! ‘account of the stagnated layer of water | on the solid surfaces this } variation in 


: voids may result in. increasing the diffusion rates throughout the 1 mass a hun-— 
a dredfold. It has been n shown that « cement is soluble in water, that is, that most . 
of the calcium i is soluble; now if this calcium could diffuse readily to the | 4 


surrounding solution the life of concrete submerged in most natural waters: 


Water SEALED IN GLass ‘Tupes For Two Montus. 


Dry weight, Ve! “submerged _ | absorbed, in Percentage 

centimeters. in grammes. @hours,in | cubic of voids. 


Neglecting . air-bubbles, all voids: in the cement “mortar were filled 


from n the water when 60% pe used. The ale explanation is s the force of the 
= layers of water holding the particles apart, It is difficult: to poole ‘ J 
= force remained to remove 2 this 8 stagnated layer from ‘solid surfaces. 
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touching. 


water is added to cement to such an extent that there is an 
of the solids after it becomes still, the distance between the particles is so grea 


that ‘the stagnated layers are not joined together continuously throughout the 
mass, and if it were not for a decrease i in voids by the formation of calcium 


carbonate while or after setting, this wet concrete would deteriorate rapidly | 


sa 


exposed to the weather. Notwithstanding this reduction of voids ‘it does" 


- disintegrate much more readily than when the optimum quantity of water is 
Density is wilfully sacrificed for « economy of construction i in modern 
concrete work. ~ Under some conditions this may be justified, but any con- on 4 
crete exposed to water or to the weather on an ‘important structure should be on 
of the densest material possible. ‘Concrete wet ‘enough to ru run in a chute with 
1 the angles of slope now generally used should never be exposed at a water . 4 


edge, especially if the water is corrosive to -ealcium carbonate and if the 


climate i is cold enough to cause freezing. = In most instances ‘guch we wet mixed Aad 
"hi Prag 
concrete will begin to disintegrate within 20 seats nd frequently i in less than 


fel examination of dicinsagsabins conérete ona number of structures under 


‘such conditions has almost invariably shown a large p perce mtage of voids—not es ae 


about conditions: that even 1 the best may not 


fs It is believed that a void test and. the inclusion of maximum limits woul ark 


be. desirable additions to the specifications for concrete on important exposed ‘ 


~ 


structures. — ‘Iti is realized that any addition of laboratory tests is not regarded — 


with g great favor in construction work; however, when present methods under a a 


best of inspection do not. always produce durable concrete, the small 


of such additional tests -would be insignificant if they aided in producing better ee 
 eonerete. One procedure for. making. the tests that gives. satisfactory results 


ade ASUREMENT OF Mortar AND OF VOIDS INIT. 
onl, Pour a sample of the concrete into a mould 4 in. or more in its least mistre 
_ sion, covering it to make it as nearly air- tight as possible. Allow the mixture 
- to stand over ‘night, or until it has hardened sufficiently so that it may ihe 


from the mould without breaking. Leave ‘it for at least 24 hours i in 


wil 
a 


a drying oven having a temperature between 212° and 250° Fahr., then cool it’ 


to room temperature, weigh it, and submerge it in water ‘of! approximately 
= the same temperature. Weigh it again after it has been submerged successively — 
- ‘+5 min. » 2 hours, and 4 hours. If the 4-hour v weight is appreciably higher than 


tie 


a the hour, submerge it for another 2 hours; repeating until the weight i is prac- 


sy § — sure to the square inch, yet a film of oil keeps the two metal surfaces from dg? 7 
ssure 
TL 
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This applies not only to construction in which good materials have been used __ 
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tically constant. Remove the outside water with @ dry cloth time before 


weighing. Measure the volume: by displacement of water while the sample is 


wet, and, without dryi ing, crush the sample, preferably with a hand hammer, 
using care not to injure the pieces of coarse aggregate. Striking the pile of | 
crushed ‘conerete r repeatedly with a light hand hammer y will crush the — 
very fine. | Sift: the “material through a No. 8 standard sieve, and Tepeat the 


"crushing and sifting until all thé mottar haa been opemoved! from the’ aggregate. 

‘From five to ten sievings will usually be sufficient. ‘Weigh the 
oy gate, dry it at the s same temperature as was’ used for the ‘concrete, and weigh it 

agains Determine the actual solid volume of “aggregate by: submerging it in 
water. ‘This shouldbe done while it is ‘moist. Few air-bubbles within the 


_ crete will be filled with water by ‘submergence i if the sample i is not heated. It 


} 
is desired to: measure the’ voids: ‘around the ‘cement fibers ‘only, and ‘no effort 
‘should be made to > fill: the bubble spaces with water. 


4 


q 


af 
Age—1. day. Theoretical proportions in. mix.—1 
Weight of dry concrete. 01288 grammes. ‘or aige 


FOE; Lt 


Submerged 2 60 1390 grammes. 1.9% water absorbed. 


‘Submerged 5 min..... 


Volume of concrete POE ; u. cm. 
Weight of wet gravel... ime 


pr mmes. 


"Actual volume of soid gravel. 


339 cu. cm. 


‘Water absorption of mortar (1390 — 1988) — (867 — ibh 


860). 95 et 
Percentage of voids in mortar (95-3258). be } 


Percentage of, mortar volume to total; volume... 43,7 

procedure does not give the total voids in: ‘the conerete; for there are 

numerous air-bubbles not displaced by the water.” In fact it. is: believed that 


few air-bubbles are filled with water unless the ‘specimen is boiled ior 
to a vacuun 


coy to a ‘vacuum. Voids’ that ‘might be filled so easily probably would not exist 


in ‘the concrete. The’ test ‘gives a a fairly accurate bf the voids 


"rounding, the’ cement fibers, which is the information desired, for: it dis 
spacing between /fibers or. the structural expansion ‘ofthe cement that 
be re mines its power to resist the elements... Air-bubbles have little effect on the Tife 
ck _of concrete, except: possibly when they become filled with water and freeze. am 
te ‘This proposed test: is not supersede. the slump test, but’ to: in inter- 


a fainky idea of t the porosity, may be ob¥ained in this manner, at 
ind hot as accurate as the’ water | The slump for: con- ‘ 
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CONCRETE 

sidewable variation in not greatly affect at z_ The 
applicable to. old eonerete, but it: is difficult to re remove the ‘mortar from 
the coarse Table 6 Shows the voids in varidus “concrete sample 


_ The writer does n not believe in changing customary beclaal as s long as the f 
old method -gives satisfactory. results. The present 1:2: proportion of 


fine - aggregate, and coarse” aggregate, especially, the ratio of fine to 
coarse: aggregate, does not give the best results over a wide range of aggre- 
gate sizes. That there is need for.a more scientific ‘proportioning of aggre- 


in concrete is ‘generally recognized. Fine aggregate is quite variable, 


fronted with the problem: af how- to local the 
a Specifications fc for fine aggregate usually state that it ; shall 5 vary from fine to 


se, with a. certain percentage passing a- No, 4° vsieve. The recommended 


specifications™ of the Joint “Committes ‘on Standard Specifications for Con- 


-erete and Reinforced Concrete suggest that not less than 85% pass a No.4 
sieve. é These specifications: give little idea of what should pass a No. 8 or Mo. 


or No. 
16 sieve, except in an 1 Advisory Appendix (XVD¢ that recommends varying 


proportions of aggregates for variable ¢ sizes and slumps. It i is not ‘uncommon 


: to ) find fine aggregate that: will comply. with these specifications y with: from 25 to 
85% retained lon a ‘No. 8 sieve, or - with | more than 90% p passing a a No. 16 sieve, : 
_ Curves of ‘the percentages by weight of sizes ‘determined bys sieving | ‘are plotted a 
for: various sands. characteristic’ of ‘the ¢ eurve is the > rapid i increase in size 


for the coarser ipartinies. shown “in” Fig. 6, which is a of 


evidence points to the. fact, the that the effectiveness of sand 


work d pends largely on the quantity passing a No. . 16 sieve, providing it is 
properly graded below this size. It-requ requires less than one-half ; as much sand -« 
lume passing a No.8 sieve: for gravel t that i is s uniformly graded from a the Ne No. | 


ze to 14 in. ‘in-diameter. The desire to maintain : ratio of fine to 


coarse aggregate probably. has done more to place the dividing line between 


them at the No. 4 sieve size than has any “scientific Treason. @ Iti is not a good 


dividing line, and the tendency. now is establish other ratios, ‘depending on 


the aggregate & sizes. Since. a change i 18 “essential, it is believed that much good 
a will be done by establishing the dividing lir line at the No. 8 sieve § size. This will 


e especially: advantageous for the smaller jobs where the. necessary fine sieves 


to. operate them and theoretical proportions are n not avail-— 


able. All that will be needed is a 


‘Means of measuring the Th computation 


Proceedings, Am. Soc. C. B., October, 1924, Papers and Discussions, 
ste Misiures,” Bulistin 7, Brace 
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concrete on important 
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To thi size as dividing will not con 


Bat te se those who wish to use the proportions recommended by the Joint’ Commit- 
on n Standard Specifications for Concrete and | Reinforced or the 


\brams? fineness modulus. If all. material passing the No. 8. sieve is classified — 


| aggregate and all that is retained on the sieve as coarse aggregate, 
an if the proportion of fine to coarse is from 2 to 5% ‘more | than the woah ne 


loose coarse, the variation from the fineness as recom- 
rdinarily u 


n large jobs, or where skilled aoe available, but to urge the need 


e in the dividing line between. aggregates. The No. 8 sieve 
practically an. essential in the “proposed test; ‘it more nearly coincides 


with the abrupt change i in aggregate sizes; and it is the limit of size usually 3 
specified for brickwork an aby “Bai 


coarse agereg te | abo: t 80 per cent 


ean sergening through | 


on 


sa des 


The ratio of cement shall 
character of work. The ratio, 1: 6, is a good proportion) by volume, the fine 
and coarse aggregate being measured separately. All aggregate passing a No. 
‘4 8 standard sieve shall be classified as fine aggregate, and all retained on this" 
a sieve as coarse aggregate. The coarse aggregate shall be graded from. . as. 
(insert largest size desired) to the No. 8 sieve size. Not more than 15% by : 
A weight shall pass a No. 4 sieve. The ‘fine agetegate shall be graded from the — a 
a ‘No. 8 sieve size to the finest, with 1 not more than .... - (about. 20) per cent. and Fhe: 
not less than. ...:.(from 5 to 10) per cent. passing a No. 50 sieve. The propor- 
tion of fine aggregate to coarse will be computed on the basis of the voids in the | 
2 coarse aggregate. The percentage of voids plus......(this should ve 
- from about 2 for very coarse agaregate to about 1 10 for iin, aggregate; 4 
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A Approximate coarsest fine aggtegate Jomply with rec! / a! ff 
8 E Sand poorly prdport oned} and entirely top fing. Being uged | ay 
|Probably Ideal size for aggregate passing Noi8 sieve. | fis / to otf 
ve 

the following is suggested’ rable 

q 
Wily 

a 
tile — 

2 


CORROSION OF; CONCRETE 


; at. 2% in excess of the 
the coarse agetégate thé be charged to give at Teast’ this 
‘amount. The voids in the mortar of ‘the:concrete old shall ‘not’ exceed 


of voids should not to 35 or 40 as is'now frequently thea case. 


_ This may be suitable for protected buildings where great strength is not neces- 
(sary, but it:is for outside "exposures. he is ‘believed d that: 25% 


ot voids is ‘the ‘minimum ‘practical: quantity in mortar “first: 


concrete 
g constructed, For concrete at water pres- 
gure, ile maximum of E 28% _ of voids suggested for the:mortar should be lowered 
if it is practical to do 80. v will g concrete ethat i is too'dry to be e ch 
in the flat sloping | chutes” ne and. w will 3 the exercise of 


extreme care in placing to 


ye 
ocd He 


‘When’ conerete is ex 


of carbonate is probably’ the only charigé that ‘takes after the 
hydration of 1 the cement. — Tf If the mortar is very po: porous, that is, if the struc: 
tural formation of the cameit within the mortar is greatly expanded, bane of 4 
two. things will happen: The. change to calcium carbonate will gradually fill 
the voids until they are reduced to the point where the stagnated | layers: of air 4 
ractically ly prevent further diffusion of.the carbon dioxide into the mass; oF 
the calcium solubility. of. the concrete. e will gradually reduced _ and _ the q 
~will- be increased ~antil calcium carbonate equi- 


_ librium is 3 nearly reached. _ This latter change takes place 1 with | no apparent 


x 
ed to the air but protected from ‘water, ‘the 3 


| only danger where the structure is protecte: from the weather is —- 


; possibility of the steel reinforcement rusting “and breaking the concrete as 
d li Os 
about 10 years old and, was 
from tl but was,on the inside of a, building where the .air,wa 
most. of the time. There was. a layer of conérete,. fs inl! thick; over the 
oa The concrete that. flaked off was tested by pulverizing it and ‘submerging it i in 


distilled Water in a closely stoppered fla flask for 20 days, “The solution at the end 


weakening of the strength of the concrete; in fact, there is usually an actual 


of. this time hada aT phenolphthalein. alkalinity ‘of 98 and. methyl. orange 


alkalinity’; of 52. These’ figures are ‘Ponsiderdbly the point necessary to 


"prevent rusting of iron, The Yate of: “penetration of carbonic ‘acid will 


TOO} 


‘dl lowed up eonsiderably: as the. depth inereasés, but’ it may eventually penetrate 


wes 


the entire dey pth' of the gird The used in ‘cons! 
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RODING IN A REINFORCED CONCRETE GIRDER 10 YEARS 


—SLOW DIFFUSION RATES OF CALCIUM HYDROXIDE THROUGH - UMIN 


| ‘The hydrogen- ion concentration, nid the alka to pre- 


4 


200 parts p 
wet mixed concrete that the » CO, will 
_ reduce the alkalinity and pH below these points for some distance from the 


surface if not throughout the entire mass. Tron rust, however, cannot 


erack 


° eet space for expansion. If the expansive force is not sufficient to crack 
the concrete, rusting will not ‘seriously injure the’ steel, but it does leave’ the 


concrete onder’ a strain, which, combined with other s 
cause failure. The hydrogen-ion concentration and alkalinity of a‘ solid uae 
are virtually the same as the water within the pores if any is present. as burn 
If concrete is very dense the | pores are filled practically to the point of ‘pre 
venting further entrance of CO, before much of the ¢ calcium has been 
hanged to calcium carbonate, | No rate of penetration for co, can be set, for 
it will depend on a number of variables, the most important ‘of: which i is the 
structural expansion ‘of the cement within the concrete. It will never 
trate very deep into dense concrete, probably less. than 4 in, but in concrete 
| porous that the voids are not reduced to the stagnated stage the ‘penetra- My 
: ‘tion will eventually reach the center of the mass. - This has already happened — 
in many instances, and there will probably be a ‘great increase in the cracks a he 
- produced by. rusting reinforcement within the next 10 to 20 years; pepo ae 


ee pressure necessary to crack the conerete may | give protection to dee eply 


Concrete exposed to the weather is  subjec 
which» tends ‘to hasten the final equilibrium, ‘which in this” case occurs when 
the voids: have been to stagnated stage, or when ‘concrete 


a well: constructed sidewalk many years old will give up calcium ‘when sub- 
merged until it reaches an alkalinity of 1 600 to 1800 parts per wwillion!« This — 


is the desired condition for resistance to the elements. 


If the concrete is porous ‘that cealeium carbonate ‘equilibrium 


reached before the 


calcium carbonate will, wash, away little of the “calcium, 


there is. no ime present to ‘combine ‘with carbon dioxide forming a 


ane 


precipitate. Gradually the pores will be increased. _ Diffusion ‘rates will be 
increased at a much greater rate than’ are ‘the pores. “The final stage for such ‘We 


= 


“ coneeete is disintegration, which will be greatly hastened by « exposure to freez- 


i weather. Sometimes concrete that has withstood the weather for : a number 
of. years suddenly begins to disintegrate. Such eases, where good! ‘materials | ¥ 
have been’ used and where the results are 
or where there is no concentration of ‘other detrimental to 
travel, are’ almost: invariably due to failure i in reduction of the voids 
the stagnated stage. There is probably a ‘gradual: weakening beginning: a 


few’ years after ‘constriction, but it requires ‘years to the Point 
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concrete submerged in water corrosive to calcium carbonate the 
& es of the cement is again the main factor affecting corrosion. | From a fresh ex- 4 
posed surface, calcium hydroxide. is set free in the water. if there is con-- 
siderable CO or half-bound, in the calcium carbonate forms | and 
precipitates with much of it. adhering to the concrete surface, This soon 
reduces the outside pores to. the stagnated state and prevents: rapid dif- 
fasion ofthe calcium from the interior of the concrete to the 
water adjoining the surface then its original, pH and alkalinity, 


‘diffusion of calcium hydroxide to the su a to carbonate, 

When this action has pride a short distance into the conerete, prob- 
ta ably less than 0. 001 in., another force is brought into play. The dissolving of 

_ the calcium from the aluminum compounds leaves aluminum | hydroxide, \ which 
at builds 1 up a. gelatinous structure around the outside surfaces, tending to close 
the and make the mass impervious. Gelatinous silica also aids, 


into solution when most. of the 

These: gelatinous compounds, even if apparently loosely formed, “greatly 
ie the diffusion rates. Some idea of the slowness of these rates may be 
obtained from Fig. 8. In this experiment about 4 gramme of hydrated lime was — 
placed, in the bottom of the tube and aluminum hydroxide coagulation was 


added . The hydroxide was obtained by precipitation from aluminum sulfate | 


and was washed 1 nearly free e of sulfates before being used. A small quantity i 

of phenolphthalein solution had been added previously. The diffusion of the 
calcium hydroxide could be : followed quite readily by the change to a pink 

‘ -eolor,, as shown in Fig. 8. It required 30 days to penetrate the entire depth c of 


24 in. Had the aluminum hydroxide been ‘more compact the rate of 
have been much slower. 6 tank doco 
Unless the surrounding water is. considerably | below | calcium carbonate 
equilibrium and there | are no other forces siding, ‘such as freezing or detri- 


into ‘the interior of the conerete, by cracks or concrete, greatly 
in extending the corrosion into the interior. bo is 


ree 


DirFusion Rates AND THE CoNCENTRATION oF Destructive ComPpouNDSs 

_ The rate. of seepage through concrete ¢ due to capillary attraction is. usually 


dome 


many times the diffusion rates of most fairly soluble ‘compounds ordinarily 


found i in water or concrete. The finer the pores, within a solid the 


water ith th ‘the 1 mass, within the 


compounds, _ For a concrete wall partly, submerged, as shown 
9, the surface above the water line gives “moisture and forces by 
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into the concrete dow water line. 


is evaporating, also dissolves solpble compounds from the: ‘cement 1 near r the 
where. it is entering and concentrates them near the evaporating point. 


» | 
-IThe usual point of crystal- 
of soluble | lization of fairly soluble 


9.- —WATER TRAVEL CONCRETE ‘WALL PARTLY SUBMERGED. 


Soluble compounds, | such as as sodium sulfate, , sodium | chloride, sodium ca 


bonate, magnesium ‘sulfate, magnesium ‘chloride, and others, “may be concen-— 


trated near the surface where the 1 moisture is evaporating, unless removed by 


rains or frequent washing of the Neutral salts, such as sodium 
and sodium sulfate, have the Rewer, of exchange when. the con- 


alcium combined with or 
adsorbed by the silica and ‘the | alumina i is for ‘sodium. This 


exchange frec yuently takes place when 1 the quantity o of salt i in solution i is at low 
‘concentration, probably than 25 parts per ‘million, and when the calcium 
q 


the silica and alumina has been ‘reduced to a certain stage. Under such 


‘the compound concentrating near the surface where evaporation. 
ce 


taking place may be sodium carbonate. | Moisture evaporates from the surfa 
Ye sodium carbonate and sodium sulfate nearly as readily 8 from a water 
my the. concentration of these salts to the ‘crystallizing 


“point probably does not greatly reduce, the evaporation rate’ as in the case of 


calcium carbonate and probably of sc some of the other, compounds. Some ¢ salts, 
confined, -erystallize under pressure and may induce failure by causing 
the concrete to. swell and crack... failure i is usually greatly aided by 


2 

“og number of disintegrating structures have been visited d during he course | 

of investigation and many samples have been collected. It has been 


od found that the quantit of calcium going in i nto’ solution § gives es 8 a good idea of 
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what his been! taking within the conerete. uf This ‘is shown in Table, 1. 


‘Neat cement ‘mortar: or concrete, sealed in air-tight containers immediately 
after mixing with water and allowed to stand for a number of ‘years, will, 


> 


ibn pulverized and submerged i in water, give u up considerable calcium. When © 
4 yi TABLE 7. —Tue OF ‘Coxon 


ALKALINITY, IN Pants PER MILLION 


Hours 


100 


si thak 8940 


ee 
45 SuRFace oF Expose TO Waren TO 


et poits 10 Concrete Insipg oF, AND Not Expossp TO Ware, 9 


All concrete except Sample 4 more than 9 years old. Samples 2 and 13 were not 


the ratio of the weight of conerete ‘to that of water is fairly large, calcium oo 

into solution. usually to the s saturation point o of calcium hydroxide. | 


nally, the total alkalinity will, exceed. the suri point, but this is due 
to the, 
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neutral salts. Tests indicate. that, unless free lime i is satura: # 
tion is is never reached, » By. ‘submerging pulverized samples i vin well, stoppered 


ers and agitating them frequently, the saturation or equilibrium point — 
r to e reached within less than thirty days. The following procedure 


as been used in determining the calcium solubility: 


_ Crush the sample in a _small tock, crusher or with a hammer, and then 

pete it in n a laboratory 1 mortar or ball 3 mill. ‘Discard as much of the 

coarse aggregate as may be removed. conveniently. “TE a ball mill is used, a 


fi 


+. 


the product through a No. 16 sieve after pulverizing. . Do not allow. the pul- 


verized concrete to stand exposed to air longer than is necessary before 

sealing. Mix approximately 60 grammes of the pulverized concrete with 300 cu. 


m. of distilled water i in a 300-cu.. em, flask. Stopper tightly and shake 
i uently for 1 hour. i ‘After an additional hour filter a part through a washed od 


vn paper, discarding the first 20 or 25 cu. on. Test for alkalinity as soon ; 


er filtration as at the end ‘of 24 hours, 10 days, arid 80 days. It — 


is sit necessary to filter before making ° the latter determinations if the solution a 


is perfectly clear. ‘The sample should be agitated several times daily. es 


Of possibly water passed through’ the concrete concentrating certain 


checked by a gravimetric test. As’ ‘a tule, if the phenolphthalein alkalinity is 


form of calcium hydroxide. od ais of 

ber booy goad: ead mottoqant edt ms rib ti 

Laitance is composed. of a greatly expanded and partly aeighea forma- 


hes of the finer particles of | cement, or of any other finely , divided material — 


may present. "Frequently, it contains ‘numerous fine air- bubbles 


not necessarily. The voids’ are usually from 60 to 75% of the mass. The 


extremely fine particles a are expanded to the limit of ‘the ‘stagnated, stage. The 


mass also Possesses free waterways. The communication with the outside air 
oF water is so rapid that the: concrete is reduced to approximate calcium car- 
diate ‘equilibrium before hydration is complete. tes laitance is” placed in a 


i. Beng container and allowed to stand indefinitely, it ‘will maintain as ‘high az an 
as good concrete, but will develop little strength because ‘i it is 


‘It is not ‘possible to expand cement to ‘such a high percentage of ids 
‘because of its larger ‘particles, but if ‘all the: cement were | ground to the size 


oft the smaller particles and sufficient ‘water and agitation were provided, the 
‘expansion would. be about as great. I To a ‘certain extent, this is what hap- 


; pens to the smaller particles of cement between the larger ones when an excess 


water is used; that the smaller particles: are to the laitance 


byt the caleium nt L it ce is not. odmbait of dierent 


soluble salts, ‘such as sodium carbonate, the calcium determination should be oe 


4 only slightly less than the methyl orange alkalinity the alkali will be in the a 
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‘hberated when the water 1s added, and the formation of an aluminum 
ha | ide coagulation greatly aids in keeping the small cement and dirt particles Bes: a 
in 


ie character or composition from the remainder, but it usually contains a larger 
‘percentage of dirt that has been washed out of the aggregates. gly 


investigation shows tha at t the measurement of voids. in the mortar 


ar oct 


an ‘idea of. what may be expect ected of concrete, when good materials have 4q 


y been ‘used. Tt i in dicates that ‘the yoids in concrete 1 day old should not exceed 
“about 289%. of the mortar \ volume when the concrete is to be exposed to. water 


or freezing ‘weather. For sr concrete more than 1 “year old, ‘the voids ‘probably 
should not exceed about 22 per cent. alkalinity test, however, is the 


= Db r cri ri n 
better « ite ix for judging old ar 5-006 totpw ballpeib: 


The problem of how to take care of pT at structures is a serious one. If 


“conduit or wall, with water pressure on one side shows a leak, immediate 
steps 1 must be | taken to stop. it, for t the conerete is weakened as the caleium is. 


ved. Inc case ‘of delay, until ; an ‘exposed. structure begins to disintegrate 


hefore “making an effort to prevent it, it, may be. too. late. Progress in smak- 


ing. durable concrete has resulted. from using good. materials and exercisin ng 
‘gate inanixing, and placing; yet. with all these precautions many structures 

begin 1 to disintegrate after a few years of exposure. Many of these structures 

‘ane become ¢ strong enough a few months after construction for the load they are 


to carry, and if this. ‘strength ‘could be “maintained ‘they would remain safe. 


ak disintegrate, even when the inspection has been good and ¢ every 
é been exercised to see that good materials | are u used, 


_ Probably the same vistoriale were used i in the disintegrating slab. (Fig. 10) 


‘in, the surrounding ones... This poor concrete when pulverized and submerged 
water gave a alkalinity of 20);and 


of 40 parts ‘per, million. 


Tinity thay will never disintegrate. 


arm 


=" 


crete is still auite meager. if good materials v were in the bridge at abutment 
Bs. (Fi ig. 11) it seems that only’ one thing can n account for the disintegration—a 
great structural. expansion of the cement fibers. Tests of a sample from the 


4 abutment. showed a phenolphthalein alkalinity of 16 and a methyl orange 
alkalinity of 36, The voids.in the mortar were 44 per cent!) a greatly 
cement structure, if not the direct cause for disintegration, 


The alkalinity of concrete ‘measured bi in. ‘from the for structures. 


a depth o of } ito 4 ini! the ‘alkalinity ‘should ied fall below abd 
200. Door may produce concrete which will have a high calcium solu- 


3 which because: of ‘its’ weak ‘strength will disintegrate in freezing 
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10.—CoNncrETE FLOOR EXPOSED TO THE W 


BLE DISINTEGRATION. 
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‘Papers Jo SION or concrere 
weather. However, i it is not the purpose ‘this paper to ler disintegra- 


except where good materials have been used. thes 
7 ee seems that the most logical procedure i is to examine existing structures. — 
If the calcium § solubility index at a depth of 4 in. or more from the surface 


is low t the conerete’ should be. protected. is that, when ‘the 


‘point 


pervisus surface coating, such. as. ‘cracks 8 have developed, pro- 
tection is very difficult. 


‘safety | limit of. exposed structures 
in good condition will be found to be below the safety limit, but it is | likely | ; 
that a gradual weakening is taking place ‘and that eventually this may cause 


2 The writer wishes to express his appreciation of the aid given by other 


engineers, especially by, Thaddeus Merriman, M.. Am. Soe. E. , Chief Engi- 
eer, New York City, Board of, Water Supply. 
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REPORT. OF THE DUTY OF WATER COMMITTEE 


OF THE IRRIGATION DIVISION | 6 
OF — AMERICAN SOCIETY OF CIVIL ENGINEERS 

; Ay boa, gatas. ai diac: 


This report discusses features of. water adjudications of interest to engi- 


neers, ‘The principles on which the ‘duty of water is defined as. indicated 


Court decisions are analyzed. The: character 0 of evidence likely to be most” 
- useful in assisting the adjudicating : ‘agencies in such determinations i is dis- 


cane are made a to desirable practices in such determinations. — 


DETERMINATION OF THE Duty OF Warne Apsupicarions 


The adjudication of a water on tight for irrigation acquired by appropriation — 

; achaden the determination of the priority of the right, the e place of use, and 
the qua tity or extent of the right. Priority and place of use are mainly 
aeallieas of fact and although important are outside the immediate interest _ 
of this discussion. . The determination of the quantity of water represented by 
ae — right, the rate of ¢ diversion which may be found to ‘represent beneficial use, 
ng or the duty of water as it is frequently « called, is a matter in which engineers } 
Under the various administrative and judicial procedures now in use in 
ae ie different Western States, adjudications of water rights may be e made by 
administrative officers, ‘such as the State Engineer ; by the Courts, e ither 
State or Federal; or by a combination of State officers and Courts. _ Engineers 

Lf come into ) contact with such determinations both from the point of view of 
| those engaged in the conduct of | the proceedings i in those States where the 

Ree determinations s may be wholly or partly in the hands of the engineering « offi- 


determinations. All engineers having to do with irrigation development or 
operation are concerned i in the basis of the procedure followed 
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for their operation with a minimum of controversy and unce 
tainty. Engineers ‘are also interested directly i in’ the procedure for the deter- 


mination of the extent of the rights ¢ as it is on this question that they 
most often be asked to present evidence. lane Soir! 


» 


voit The quantity of water which may represent a reasonable standard of bene- ES 

ficial use is a question of opinion rather than of law. The character of 

; dence which may influence such determinations, the standards of pr practice to 


_ be followed, and the terms. and form of the resulting decree, are re all: matters ¢ of ta 


a The following discussion attempts to analyze the present. practices in such 


of-water determinations. It i is based on the results of an inquiry in 


the; administration of present decrees on the experience secured 


from. their operation. Committee is under | grateful ‘obligation to 


large number of those who have assisted it in the collection of these data, He 


‘There are different standards that 1 may be adopted to define the extent 


use that is considered beneficial. . Among these a are: 
od (1) Claims i in original notice or in applications; pair’ to 


—Claims in Original Ni otice or in ‘Applications. —Appropriation rights 


- posting a notice of the appropriators’ intention at the point of diversion an 
recordi n most 


States 80 that a formal application must be made to some State officer who has 


varying amount jurisdiction over the application during the ‘period 


of completion. Wyoming ‘adopted centralized system of application in 
th and all ‘the ‘remaini ng Sta tes in which irrigation is of importance have 


since adopted similar systems except Montana which still follows the former J 
method. The} claims to water rights of a great many systems now in use were 


initiated by the posting of such a notice of intention. ‘di 
Such notices were required to include a statement of the quantity of water 


laimed. As there were no limitations on the extent of such claims, it was 
mg that the appropriators should state a quantity” amply liberal to cover 
y probable needs. This practice is. so well recognized that little weight 


would ordinarily be given to the quantity claimed in the notice. 
notices” are. ‘useful as evidence of the date initiation, of the general 


character of the works contemplated, and of the location of the point of diver- 


sion. ‘(Hufford ‘Dye, 121 Pac. 400 (California, 1912), 
(@).—Capacity of Constructed Works. of the ‘constructed 
“Aaellie is a more definite guide to the quantity requir d th 


| fy 
— 
| 
x on a study of Court decisions in an effort to secure information on ce a 
by 
ed. a: 
ed. i 
est 
by 
ers 
ag 
an 
by 
ade 
— 
he 
a 
ffi- & 
f 
or 
or 
ed 
It _&§ 
of 
rm 
he 
he 
7 38 


ADJUDICATIONS 
r was willing to 


incur costs in n providing for. his. as diversions 


_were constructed with] less definite understanding of carrying of 


of tha: actual requirements. If other standards - in a that 


capacity of the works, the capacity will usually define the limit of the right. 
(Conrow v. Huffine, 138 Pac. 1094 (Montana, 1914); Nichols v. Hufford, 183 
Pae. 1084 (Wyoming, 1913) ; Felsenthal v. Warring, 180 Pac. (California, 
1919) 3 Northern California Power Co. v. Flood, 199 Pac. 815 
1921); Hough ». ‘Porter, 98 Pac. (Oregon, 1909).) t 
(8).—Requirements Lands Served. —The requirements th the lands 


= "served represent the dena? present standard by which an appropriation fiekt 


MN for irrigation is defined. There is room for much difference of ‘opinion i in 
regard to the character of practice that should be used in defining such require 


“ments and also i in expressing any standard i in ‘numerical terms for any ‘specific 


. Among the’ standards which ‘may used ¢ are the following: 


Rates of use specified by State statutes; ber 


arlier local or individual practice ; and elude! 
The terms used are necessarily general, tae, OTA 
Statutory Iimitations.—Several States have statutes specifying the maxi- 
Bie) ‘mum rate of use which will be considered beneficial. . Wyoming was the first 


State to adopt such a ‘provision, diversions being limited to not to exceed 

4 -ft. for each 70 acres irrigated. Other States have similar statutes with the 


"specified rates varyi ing from 50 to 100 acres. served per second- foot diverted. 
Some States, in addition, specify the maximum “number of ai acre- -feet per acre 
per ‘season. In some, States in which there are no statutes son this point, a 


Similar result is secured by the regulations of the State office having supervi- 


These provisions are an expression of legislative opinion regarding the rates 
use which, in general, would be beneficial «They, do not prevent a claimant 
from receiving larger. quantities if he can. present proof of a need for 
ie =: use and there are a number of cases in which quantities» in excess of © 
atatatory limitations have been allowed. fixing a rate of use to 
to a Pom 


a State as a whole, the Legislature one sufficiently 
ae to cover all usual conditions. This rate would exceed the quantity ‘ 


needed under more favorable conditions and a smaller rate of use would’ be ; 
wd justified in such cases. : (Jo oyce > ». Rubin; 130 Pac. 193. (Idaho, 1913) ; Conrow 
Hiuffine; 138. Pac. 1094 (Montana, 1914); Nichols. ». Hufford, 133 Pac. 
1913) ; Hedges v. Riddle, 146 Pac. 99 (Oregon, 1915), Miro. 


if Earlier Local or. Individual Practice. use past practice as. the basis: 


f the extent of a right is practically equivalent, for developed syst 


accepting the constructed capacit ty as measuring ‘the requirements. It is a: 


recognized that in the earlier periods of development the use of water is nll ad 
9 economical than i in Later: gh su ach excessive use’ may have been 
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"permitted in such earlier periods, Courts do not consider themselves 


to define the rights « on the basis of past use where ¥ stefulness can be shown. 7‘ 
his principle appears to be generally accepted by the Courts although there ae 
may be much difference « of opinion in individual cases as 1 to what consti tutes : 


cent showing of wasteful use to justify a decree less than former aid | 
gions. ~The lay and expert views on waste frequently differ, 


It appears to be equally accepted that each claimant ‘is entitled to have 


Seed on the basis of ‘the reasonable needs for the character of 


a practice under which the right 1 was acquired, provided such practice is within 


the limits of pbeneficia al use. appropriator irrigating ‘wild hay may 
limited to a | proper use for such : a crop, but will not be limited to the quantitic 


_ required for. other crops of less requirements because oth er claimants are 


Cases supporting these conclusions are, a: as Hufford Dye, 121 
Pac. 400 (California, 1912) ; ‘Calif. ‘Pastoral & Agricultural Co. v. Madera 


- Canal & Irrigation Co., 188 Pac. 718 (California, 1914) ; ‘Union Colonization 


0. v. “Madera Canal & Irrigation Co., 178 Pac. 957. (California, 1919) ; -Felsen- | 


‘thal v. Warring, 180 Pac. 67 Stinson | & ‘Irrigation 
Co. 
Northern California Power ( 


v. Diatries, 402 vay 481 (Idaho 1909); Was 
q ington State Sugar Co. v. Goodrich, 147 Pac. 1078 (Idaho, 1915); Conrow » ee 


war bat 


t Huffine, 138 Pac. 1094 (Montana, 1914); Rodgers v. Pitt, 89 Fed. 420 (Ne 
‘- 1904); Hough | v. Porter, 98 Pac. 1085 (Oregon, 1909) ; Little Walla Irrigation — 


Union Finis: Irrigation Co., 124 Pac. 666, (Oregon, 1912); in, re Wil low 


Creek, 144 ‘Pac. (Oregon, 1914); Salt Lake City Gardner, 114 Pac. 


Present Practice-—Many decisions. contain such as “an ‘ar 
actually necessary for his use”; “a ‘sufficient amount of water to ‘irrigate the 
land in a proper manner”; “the highes st and greatest possible duty from the 
waters: of the State”; “the. largest duty and the greatest use” 3 “the a amount 
act - actually’ necessary” ; 3 “the ij inquiry was therefore not what he had used, bn how 


much was actually necessary”; ‘we can require them only to u 
: economically and reduce ‘the quantity 1 to a minimum by Teasonable and aoe 


methods according to their situation and condition”; and, “reference should d 


i had to | lan ads that have nae aap nd reduce d to oar 


decree ye the 
What may be termed present local use or practice appears to have been’ 
of “greatest influence. This. does" not mean each canal will 


decreed a quantity based entirely on its: present practice, but that ‘considering 


a 4 ‘all canals concerned the adjudicating bodies are unwilling to fix the decrees o: 
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WATER-RIGHT AD. UDICATIONS 


a 


‘ 
variations im mas by different ditches serving similar ‘areas are shown, 4 those 3 


using. larger. quantities may be limited to the quantities used by others « 
see Actual practice on each canal may be guiding unless evidence can be pre- 
which demonstrates that better ‘results are actually being. 


? = on some canals, within the | area. The nénndonia of practice used in 


decrees 
ti 


‘same area may be feasible with a. water supply that to. which the 
- decrees 1 may limit the. older canals. . Users under new canals may be willing to 


- Practice, > methods of irrigation in order to use successfully 1 much smaller sup- 


4 plies than the Courts are willing to require of. those. who have developed their 


re "systems under conditions of more liberal ‘supply and use. Of the decrees on 
, a which data have been ‘obtained no instance was found i in which such decrees - 


‘based on. a higher standard would be regarded a as reasonable for — 4 
practice, The decrees appear to follow rather than to lead in improve- 


<4 


from those previously used only where strong proof “could 
mitted to show that many irrigators have adopted such improvements 


i tarily a nd that the resulting ‘Practice has come to “represent a reasonable 


for ail ‘This | position on the part of the determining bodies i is 


a natural one as the burden of proof of the reasonableness of any reduction in 4 


_ ments in irrigation practice and ‘the quantities decreed appear to hav 


Present | practice should rest on those who would benefit by such reduction. ‘The 
to secure a higher standard of practice is usually made by the later 
‘ 


Ve 


: Rie Among decisions including ‘such principles are the following: State of 
olorado’ v. State of “Wyoming, 42 Sup. Ct. 552; Union Colonization Co. 
Madera | Canal & Irrigation 178 Pac. 957 (California, 1919) ; ‘Farmers 
Co- -operative Co. v. Riverside Irrigation District, 102 Pac. 481 (Idaho, 1909); 
Washington State Sugar Co. v. Goodrich, 147 Pac. 1078 (Idaho, 1915); 
. Engstrom, 168 Pac. 1145 (idaho, 1917 3 Vineyard: Land & Stock Co. 
sea Falls Salmon River Land & Water Co., 245 Fed. 92 (Idaho, 1917) 7 


Co., 124 Pac. 666 in re Willow Creek, 144 Pac. 
tS eens Salt Lake City v. Gardner, - 114 Pac. 147 (Utah , 1911); and 


S. v. ‘Bennett, 207 Fed. 524 (Washington, 1913) bas 


A 


The more important factors affecting of water are. the soil, 
character of -erops, climate, ‘preparation of land » cost water, pen the skill 
‘5 and attention used by - those actually applying the water, . Of these, climate and 


character although varying areas; usually” faitly 


and attention. given ‘to the application of vary with the 4 
vidual farm. The ‘soil may vary widely within the “area covered: by on 
hy — udication. Iti is not subject to material change and i is not within the control 7 
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a the individual user, In consequence, he soil i is the variable factet which i is 


st often considered i in | fixing differences in rates | of 1 use W within any | area. el 


on some differences i in the of the area covered and one- half 


made uniform allowance. In cases variations large as 100% 
were made where conditions differed materially 3 the variations used were based 


Fe Beng soil texture and that account of such variations should be taleen in | fixing : 
the e duty of water, the rates of mee for different areas included in a determina- . 


tion will need to be variable if such | soil variations occur, ‘The soils i in nearly 
all irrigated areas are sufficiently variable to warrant taking account of such 


836 The uncertainty regarding the practicability of making a soil c 
of sufficiently definite character to justify varying the rate of use based on 
“such classification appears to have prevented a more complete considera- 


i tion of soil texture. Although soil texture has been considered i in some canes, 


< the tendency appears to to have been to a allow an additional quantity of use to 


ie Bry of coarse texture or to allow enough 1 use to all soils to cover the needs - 


more porous types. — To. reduce the rate of use on soils of more favorable ea . 
Bs is just as logical as to increase the use on those of less favorable oh 
A practical limit ‘Taust be set in any effort to base rates of use on 


a soil ‘classification, but ‘even ‘in areas of considerable mixture of soils. a ‘ae 


ve 


i practical classification can be made which will be more nearly representative of | 
: needs than might be obtained on the basis of generalities only. TqOTGGR 


Gases in which ‘differences in rates of use due to differences i in soils have at ag | 


been upheld are, follows: Washington Stage Sugar - Co. Goodrich, 
_ Pac. 1078 (Idaho, 1915) ; Joyce v, Rubin, 130 Pac. 793 (Idaho, 1913) ; Rodgers i 
wv Pitt, 129 Fed. 932 (Nevada, 1904) ; | in re » Waters of Umatilla River, 168 Pace. 


(Oregon, 1917). od doidy 10 of 
determinations of the Division of ‘Water Rights of California have 


a. varied from a diversion of 1 sec- -ft, for 20 acres on Hat Creek for soils con- 
sidered particularly to handle to 1 sec-ft. for 90 acres on soils on 


4 


acres was decreed, ‘the rights of all u ‘users ‘being accepted b 


largest stream adjudicated—Stanislaus ; River—the decrees for the smaller 
‘ditches serving mountain areas generally gave “1 ft. . to 40 acres, whereas” 
‘7 those of the Oakdale and the South San Toaquin Irrigation Districts i in the 
San J oaquin Valley gave 1 sec-ft., to 80 acres. teh ‘Yo brat 


|. The Salt River decree in Arizona, in which the rights of about 4 800 owners. 


ay were separately defined i in terms of the irrigable area of each ‘owner, was based Ge , 
Se 

on a uniform delivery equivalent to 1 ft, for 133 acres. ud iad 

In 1 miner’s inch per acre was used for bench-lands and L 1 miner’ 7 


d 1 to 5 miner’s inches 
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_WATER-E 


An Montana, in the West Gallatin decree, the rates varied from 0.75 

er acre on ‘gravelly 
use have not been 


pa 
Montana, 4 inches are equal to 1 sec-ft. ii 
The decision of ‘the Muster: of t the ‘Federal Court i in 


acre-ft. per acre for different soil conditions‘on the Umatilla River. 9 


by) The quantities given apply to the amounts diverted unless otherwise stated. 


Crops. —The crops within any area are ‘subject to variation both « over 


Yew 


eyeles of years and temporarily due to changing economic conditions. ‘Themore 
‘complete development of ‘an an area usually results in greater diversity of ‘crops 
_ which, in turn, tends to reduce the average quantity « of water used, as the crops | 

first grown are ‘generally ones s of larger water requirement, such as f orage. 


This is not the case, however, in areas where grain is largely grown in ‘the 


earlier years, General. crop changes occur gradually; temporary changes may 4 
wos be rapid, such as 1 the growth in single seasons of large areas of some crop for — 4 
which the prospective price is attractive. Where rights. have been acquired 
. a: - basedon the irrigation of one class of crops and it is proposed to change the q 
- _— erops so as to result in a material change in the time of use or an increase ine . 
“the quantity used, such changes may be opposed by other users who have made F ' 
appropriations based on the previously. ‘existing. conditions, If the 
practice has been well established such opposition would be expected to. be 4 4 
Court indicate that a claimant is entitled to a quantity of ‘water 
& ‘sufficient 1 to meet the needs of his lands for the type of crop which he has been 
et accustomed to growing or which he may grow under reasonable erop- rotations, 
- Decrees for individual users or under small canals m may be base 
— for the crop of largest use, usually forage. For larger : areas, ‘diversity 
of crops is to b be expected and the needs can be heat on the requirements for 
the: proportion. of different. crops. ' which has. obtained during’ recent 3 years: 
Although there may have been a. definite: tendency. toward crops of smaller 
needs and although it ‘may reasonably be anticipated that. such: 
continue, it is hardly to. be expected that. those. making the decision.’ will 
perenne the right below the | quantity needed for the « crops being grown at the 
Courts: are guided by as. to the. crops the irrigation of which 
may be. considered beneficial. The irrigation of native grasses is a recognized — 
‘beneficial use » but it must be practiced under conditions representing ‘proper 
local standards i in the handling of ‘the water. The fact that some ‘claimants 


desire to irrigate | crops of smaller water requirement not lim- 
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‘iting: of such crops where, other rights ‘have been used 


sh In' the. decree on ‘Salmon Falls Creek, in Idaho, the Federal Court based 

& findings on a use of, 2. 5 acre-ft. per acre for forage crops and 1, 5 acreft. 

per ac acre for other ‘erops, one- half of the area used for tbe of cup, 


st Nevada is based a on a use eof 3 ac acre- ft, . per acre fr harvest crops, 1.5 acre-ft 


“per acre for meadow pasture, and 0.75 acre- -ft. ‘per ‘acre for diversified —— 
deers v. Pitt, 129 Fed. 932 (Nevada, , 1904); U. S. v. Bennett, 207 Fed. 524 


Muir 4 Allison, 191 Pac, 206 (Idaho, 1920) ty Is 


ence on the length of the irrigation season, the crops grown, and the need for wt 
as water used i in irrigation is supplemental to that obtained from 


natural precipit ation. “There is less difference in the rate at which ‘water will 
be. used during the pene of maximum demand than there is in the length of — 


“the irrigation season in different localities. The apa occurrence of rain- 
“fall will influence the amount of “required. Such differences in 


rainfall. more usually. affect the 


Ih localities where the rainfall. dontimniés into the growing season, as in the 


Plains. Area east of the Rocky Mountains, the irrigation season may be delayed — 


until later in the -erop season than is the case where the rainfall occurs 
"wholly the: winter months as in the Pacific Coast States. fib 


Differences i in use based on differences in. “climate were adopted on the 
. Beaverhead River i in Montana where different. rates of 1 use were decreed for the b 
upper and lower valleys. T hese differences may be due to the combination of Bis 
partial separate, decrees 1 rather than toa a distinct difference based on climate. 
‘decree in, Apache County, “Arizona, allowed 1 ‘sec: to 90, 110, ‘and 
acres, respectively, for areas at different altitudes. j Wee 
(Preparation. of Land.—Tl —The character of preparation of the land may make of 


a gt teat difference i in the ‘quantity of water used.. Where the surface i is uneven, 
“greater. average depths must be applied i in order. to cover the higher. areas. The 


flooding of areas of too 1 large size results:in excess percolation loss. aliatoh 
tion n of land as an area has been longer under irrigation. This is due both to — fe 


- the increased resources of the owners which enable them to incur greater costs — _ 
in’ ‘preparing 1: land and to the benefit of longer experience under local condi- — Foahis" 


| It is usual to find a definite tendency toward improvement in. the ‘prepara- 


“tions and the “development. of methods best ‘suited | to such conditions. 


3 support for.a contention. | that older users should have their rights reduced 
o the quantity. required _ under better methods of land preparation — would - 


to bea showing that such improved methods ls were: in voluntary use i in 


the area concerned by a sufficient proportion of ‘the users to have demonstrated 


their advantages and. economy. . Efforts to secure decrees which would r require 


general changes in the methods of preparing 1: land where. such support. was not ty 


available have not, been successful, (Foster . Foster, 218 Pac. 895 (Oregon, 
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481 (Idaho, 1909); Engstrom, 168 Pac. 1145 1917).) 


Cost: of Water—Th cost of "water ‘is s usually an ‘indirect factor. may 


aa affect the duty of w water due to its influence on the methods of f preparing land 
handling water. cost which it may be feasible to incur is limited by 


5 the value of ‘the crop returns. 7 The rates charged for 1 water | may influence the 


+ use of water in actual practice, but do not appear to have entered directly into | 


Skill: an d Attention Used in App plying Water—The skill or attention of 
r the labor used in applying water is closely related to the character of land 


ea Claims for a quantity of water which will permit { the land to be 
_ Trrigated with only | occasional attention the water are e frequently made 


in in comparison with the practice of the area. 2, many 
areas” the cost of labor in the a application of water still exceeds the cost. of the 
water itself, so that the extent to which improvements which would increase — 


By CRS 


labor costs can be expected : may be limited. 


fil Summary oF Factors ConsipERED IN THE Duty oF WATER 
if 


Although there are a number of decrees in which a uniform rate of use 


. was decreed to all claimants, these illustrations appear to justify the conclu-_ 
sion that determining agencies, , whether an administrative officer, such as the : 


State: Engineer, or a Court, either State. or Federal, will decree varying rates 


of use to different claimants whenever they conclude that differences in soils, 
crops, or other conditions exist which warrant differences in the rate of use. 


i Although | soil conditions may vary within relatively small areas, the tendency 
appears: to have been to distinguish mainly differences in the conditions for 


“general classes or divisions of the area rather than for individual owners or 


Presumably, however, if evidence could | be presented supporting such 


differences the e determining body would feel free, as far as principles are con- ; 


cerned, to vary the use for smaller areas. With the increasing attention | that 


a is being given to the factors: which affect the duty of water it. is reasonable > 


4 
that the adjudicating agencies will tend to give closer attention: to the 
details: of ‘the water requirements of ‘the lands served | with: the result, that 


‘are than 

To Express THE Amounts Wmcx Ricat May Be 

boat ‘The e older decrees were expressed almost entirely in ‘terms of continuous 


flow. wo As storage has become of importance ‘it has been necessary to express: 


:: some decrees in terms of the total quantity | per - season and to. limit the period 


hee diversion for direct use. In the older decrees, shortages in supply generally 7 


4 Or occurred sufficiently late i in the season to be within the period of maximum Tate 

of use so that it was not “necessary to define ‘the beginning | of the irrigation 
re 

| The e periods of diversion were left to the discretion of the ‘users, the 
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ADJUDIC CATIONS 


right permitted diversion up its maximum fate at any time flow was avail- 
as able and a beneficial use could be made of the water. ae S reduction in diversion 
be made when waste occurred. to [ithe 
ft ~The Salt Salt River decree in Arizona permits diversion throughout | the year as — 


climatic conditions result in continuous use. On Hat Creek, in California, — 
decrees are effective from May 1 to October 27, no Hinitations bein" placed 


= use during the remainder of the year. the West Fork of 


The Bear River decree of the Federal Court for the Idaho District specifies 


a @iverkion season from April 20 to September 30, , wi with the rate of reel 
fr om April 20 to J 


oy 


40% 0 of that allowed during ‘the remainder 0 of ‘the 


a On the Boise River, the decree now in present use is not final on the dut 


of water, the t tentative allowances being adjusted during the season as the 


stream: flow diminishes. The following ¢ order illustrates the used 


“The various’ righta | adjudicated in ‘the called Stewart Decree ‘on. 
we 100% until the natural flow of the water of Boise River shall decrease 


various rights as adjudicated in the so-called Stewart shall first be cut 

$s : to 75% of the amount of water decreed by the Stewart Decree as the natural _ 

e flow of Boise River decreases, beginning with the latest rights and proceeding — 
to the earliest rights in the order fixed in said Stewart Decree, and after all — 
-" a rights shall have been reduced to 75% of the amount fixed in the Stewart 

a Decree, should the natural flow of the waters in the Boise River decrease below 
the amount 1 necessary to supply said 75%. of the water rights. as decreed in J 
said Stewart Decree, then the various rights, beginning with the latest end 

- proceeding to the earliest as aforesaid, shall be reduced to 60% of the amount 

specified in said Stewart Decree and 60% of the amount specified in said 
bi a Stewart Decree is hereby fix fixed and determined as the highest duty of water f for . 
| ‘This is equivalent to using a a higher standard of practice during periods of 


small: supply i in order to reduce the hardship . of such shortages, on rights of 


later priority. This method has been in use for ‘several years, apparently with 
the Weber River, in Utah, ‘the proposed determination by the State 


ingineer is based on the use e during high- water stages of 1 sec- to 60, 65, 


Logan River, in Utah, all the older Tights were decreed a 
“4 May. 1860, and) a schedule provided for stream flows of 400 sec-ft. or 


by y which different. rights receive somewhat ‘different. percentages of reduction 


= as the flow diminishes, — A si similar general method i is followed in the temporary 


schedule 1 now in use on Kings 
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duced to 1 sec-ft: to 80. acres before any rignts are cut on. 
the Big Lost River, in Idaho, a decree accepted by stipulation 
nt f | parties provides for diversion from April 20 to October 81, diversion during 
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quantities at 


total discharge of 10000 sect. 
_.. For the Humboldt River, in } Nevada , the rates of use in Ay. -feet per acre 


" for. different t crops, previously mentioned, are proportioned to the length of the 


- irrigation season, harvest. cro crops being irrigated over a 180-day. season., , The 


Sea diversion rights are expressed in the decree in terms of second-feet Saal oad oe 4 
SS ad if’ The definition of rights in terms of acre- -feet per acre per season has | been a 


Be - more usual in the administrative determinations i in Oregon. Total acre- -feet per 
season for each right, with a limiting rate in second- the 
Deschutes, G Grande. Hood, Umatilla, and Wallowa. Rivers. On 
Silvies River, 1.5 acre-ft. per. acre per month prior to June 1 1 acre-ft. 
per month, after June. 1, to be taken at a rate of not ta) exceed 140 sec- 
following quotation the decision in the case of the State of 


ee, 


Wyoming v. State of Colorado (42 568) represents recent 


Ea to be ‘well established that the determining bodies may ‘define — 


t the rights in such terms as they ‘consider to represent, beneficial use; = 


the season, may be restricted to those periods during wl which use is beneficial 


and that specific dates 1 may he defined limiting the season of | use; and that i in 


“Tore usual former practice of defining merely the 
of the total q quantity of use for ‘the season ‘may be: defined. _The 


limiting: of the total quantity that may be diverted the season, leaving 


‘the user to adjust the time of its diversions to his needs subject to some’ iat 


_ tion on ‘the ‘maximum rate at which he may divert, seems to represent — 


desirable basis on those streams where. storage as well a as. direct. rights: exist. 


- Such a basis protects: the prior right in an adequate supply under reasonably > 
flexible: conditions of use. It also. defines the total use ‘so!’ that ithe supply — 


available for storage can be determined . Its terms are sufficiently direct oe. 
specific to permit practical operation. of the stream. 4 1 sid 
‘Decisions involving maximum rate of diversion with total acre-feet per 
limitation, are: Poster v. Foster, 918 Pae.. 895 (Oregon, 192 3); 


Pac: 488 (Oregon, 1914); v. Brown, 185 Pac. 761 1919) 


awe 


Creek, 144 Pac. 505 in re North Powder River, 144 Phe. te 
Oregon , 1914) and Laurence 185 Pac. "61 (Oregon, 


“Pectatons' involving season limited by ‘fixed dates include Foster v. Foster, a 


|. 


Willow Creek, 144 Pac. 505 (Oregon, 1914); in re North Powder River, il 
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‘WATER- RIGHT am SUDICATIONS 


ih general, all’ the of ‘tight’ at the point of diver- 
sion. - This is essential usually for purposes of practical administration. The 


‘decree includes any losses i in conveyance to the point ‘of delivery to the land 


owner. - In some determinations no distinction is’ made separately for co : 
eyance losses. In others, the requirement at the land is determined and the _ 
right based on increasing this by some specified quantity for -convey- 


Oyj ot TOYS 


ance losses: In'the Salt River decree, 1% per mile of canal was used. | "Actual me: 
measurements of loss f or each ditch have been used in some cases, ‘such as 
the West Gallatin i in Montana and the Deschutes and Grande Ronde in Oregon. 
a The following provision is contained in the decree for Umatilla River, in 


ae all cases the water master, where the gia are in good condition, , may ; 
at his discretion allow an increased diversion for such seepage and evaporation, 
which increased diversion shall be determined by the water master according ni 


to the. ong seepage and evaporation - in the diversion works, but in no case — 


amount allowed by 


result, requirement and the conveyance have no ‘consistent 
relationship. i The lengths of canals serving similar soils ‘and having ‘similar 


: delivery requirements may vary y widely s so that a decree based on average diver- cae 


gion requirements may be unfair to canals of greater 


m 4 ards of reasonably good practice to. that expected i in. the application. 0 


to the land. Where loanes are excessive, the right may, be limited 


mei! _ Cases covering conveyance losses include Town of f Sterling v. Pawnee Ex- 


e° tension Ditch Co., 94 Pac, 339 (Colorado, 1908) ; ‘Wheat v. Cameron, 210 Pac 
761. (Montana, 1928) ; Basinger v. Taylor, 211 Pac. 1085 (Idaho, 1923) Clark 
~_v, Hansen, 2 206 Pac. 808 (Idaho, 1922); Santa Cruz Reservoir Co. v. Ramirez, 


_. Nearly all decrees inelude some diversions serving relatively small areas. 


= the tight for such. an area is expressed in terms of its average ‘need the 
resulting diversion may be too small for effective use, To. meet this condition, 
in delivery i is frequently practiced. ‘Under larger canals such rotation 
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h ctr on and mainten of canals must represent similar stand- 
— 
tat 
Bee hai! _ stream. Under small canals, the users may desire to divert at twice the average GY, — 
|| rate for,one-half the time or make such other adjustments as may meet their iy | 

needs... 'To -avoid confusion in the decrees it is usual to define each right 

ite terms equivalent to its continuous diversion, leaving such adjustments to he a y 

handled by the one in charge of administering the stream under general clauses 


ist, rotatio subject to 
4 : ist, it i is it t to pr q 
_ visions under which. later priorities : may be protected i in securing the supply 


to. which ‘they are | entitled. provisions usually Tequire- the one seeking q 


to divert a surplus to s secure the. approval of the water ‘commissioner and to 


aTranae, an exchange with other owners desiring to rotate, 


here appears to be some uncertainty as to the right. of a Court to require — : 


rotation or to. define each right so that rotation must practiced in order. to 


irrigation feasible. The ‘general. tendency has been toward a 


° rotation as a part of usual practice ‘and toward holding that beneficial use 


_ may be defined on a basis which may result in requiring rotation for successful 
Rotation is permitted i in the Salt River decree, in all decisions of the 2 Cali 


fornia Division of Water Rights, in the West Gallatin in Montana, the a 


Salmon F Falls Oreck i in in Idaho, permitted or required in various 


‘ determinations of the State 


; the 
remaining wttehing appear any provisions rather 

than objection to it ‘unless case of Mite « v. Allison is considered as ‘an 


exception to this statement, (In re Willow Creek, 144 Pac. 5 
in re North Powder River, 144 Pac. 485 (Oregon, 1914); ‘Muir Alli 
F son, “491 Pace. 206 (Idaho, 1920); and Reno v. Richards, 178 Pac. 81 (Idaho, 
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CHARACTER OF Evipence oN THE Duty or Water WHICH APPEARED 70 Baia 


Mosr Inrivence THE ApsUDICATING Bopy 


In the older cases little evidence of an expert character was iii 


‘Technical evidence, such as measurements of canals, was often used, but ‘this 
was generally for the purpose of basing the claims on . records of past ‘diversion’ 
rather than to the proper duty of water. More recent: irrigation 
; developments usually include large units which plan t to utilize all or nearly 
all the remaining ‘unappropriated flow of streams. The w vater supply available 
at a is the difference between the total run-o off and the existing Fights. | * The more 
closely the existing rights can be limited i in their quantity, ‘the larger is the 
remaining unappropriated water. Such limitations are in the public interest 
in permitting a larger total utilization of a given stream provided the limita- a 


tions placed on the: earlier rights are not: ‘unreasonable, As previously noted, 


adjudicating | bodies have not used such high standards in defining existing 


advantage to be gained by such later ‘tights from’ a restriction 1 of 
ie: arlier users: and the extent of their interest due to the size of many of these 
larger projects” have resulted the employment in many cases of expert 
witnesses to testify on the proper ‘use of Such witnesses have 
usually testified in n favor of higher standards of practice ‘than those avo 
4 by the users themselves or those directly engaged in the operation of the 


‘ing systems. has led to the general classification of such expert 
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as high duty advocates, as contrasted with the usual farmer or direct experi- 


‘seen water. Many 
rebut expert on the ground ‘that w was not based on sufficient 
familiarity with the aréas ‘involved, that it “represented ‘theoretical results 


rather than practical, ‘that the costs necessary to accomplish » the results recom- 
2 Oh) OF i pe wares d AV 
pon would be beyond the means of those now irrigating, and that prior 
were legally entitled to. such quantities ‘use as might be ‘required 


- under the general methods existing in the area, Rebuttal to the evidence of Pi 
in the area is usual lly based on the claim that the ordinary. irrigator 
although. experienced in the application of water is no ot qualified in water 
‘measurement so that his opinions on the quantities he had used are not com- — 


evidence. As the numerical results presented by the two: classes. 


opportunity fo for at least, a a general judgment as to which appear 


to have been. given weight i in the decisions, 
4 nit 
the basis of the information | assembled by the Committee, the 


udication. 


witnesses have been able to on. basis of both experi- 
ence and of experience i in the locality, or where their opinions are supported 
local field conditions, their conclusions appear to have been 
, of more | assistance to the case. Where the conclusions have not been supported 
by k local data or have been based on experiments under conditions not repre- — 
sentative of field conditions little weight appears to have been given to the e os 
1 In the West Gallatin and | Beaverhead Rivers i in Montana expert irrigators 
| were engaged by the Court to make determinations in the field and advise Ey a q 
-* Court in defining the water requirements. . Trrigators having local expe ee 
eis were selected. In the | adjudication of Hood Rivers in Oregon, | local trials ‘oe 
the use of water were made. elt ot OF 
water requirements dons the number of irrigations and the quan 
tity used at each irrigation. The one irrigating under a given set of — 
tons is usually fully competent to testify regarding th the frequency of i irriga- 
‘required. although he may ne not be able to measure properly the quantity — 


of water used. A logical determination would be secured by utilizing direct 


experience on the number of ‘irrigations ‘required, ‘ together with competent 
ail evidence on the quantity required for each irrigation, based on actual 
: . measurement under proper field conditions representing the standards of prac- 
tice that ‘the Court Larva to follow in its decision . Such a basis for the 


dications by administrative officers of the ‘State, direct observational 
are collected by conducting the adjudication. The entire pro- 
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where, the c one making the. is not. 


before him, but may and usually does conduct. his own investigations. ‘ For 
such, determinations controversies between expert and lay witnesses are less 


ELAS 


usual, _ There have been relatively few cases in which the ‘conclusions of such 
Procedures. have been modified on appeal to the Courts. 


pe Among the decisions discussing the character re) evidence on he dut ty of 
ey _ water are: Stinson, Canal & Irrigation Co. v. Lemoore Canal & Trrigation Co., = 


188 Pac. 77 (California, 1919) ; Pabst v. Finmand, 211 Pac. 11 (California, 


SE 


1922); Farmers Co- -operative Ditch Co. »v Riverside Irrigation Dist., 102 
Pac, 481 (Idaho, 1909) ; ; Idaho Irrigation Cov. Gooding, 285 Fed. 453 (aaho, 
1922) ; Rodgers v. Pitt, 129 Fed. 932 (Nevada, 1904) ; ; Anderson v. Bassman, — 
“440 F ed. 28 (Nevada, 1905) ; Little Walla Trrigation Union. v: ‘Finis Irrigation 


124 Pac. 666 (Oregon, 1912); ; Foster v. Foster, 218 Pac. 895 (Oregon, 
1928) ; ‘Sharp v. Whitmore, 168 Pac. 278 (Utah, 1917); Pasco Fruit Lands Co. 
Timmermann, 152 Pac. 675 (Washington, 1915); and Nichols »: Hufford, 

Pac. 1084 (Wyoming, 1918). aft to ony 


SHoutp Jurispicrion Be Retawwep To Permit Revision or THE Duty or Ws TER? 


Standards o: of f irrigation practice change s similarly to the standards of other 

features of crop production. Increasing land values eall for i increasing aver- 
increases in require 


a a cation of water. | Public interest i in the best utilization of. the limited water 


yegources supports a continually higher standard of. practice as. the basis. of 
defining b beneficial use. All these factors tend toward a reduction in the quan- 
tity of irrigation water used for each acre of land. 
ol As a recognition of such changing conditions, =— in order to permit later — i 

adjustments in decrees, it has frequently been urged that jurisdiction should 


¥ 


be retained i in n water-right adjudications so that the terms of the decrees may be a 
- to meet such changes, The Courts retain. partial jurisdiction 
ie year to year in order to provide for the appointment of water ycommis-— 


sioners for the administration of the decree. ‘Provisions for retaining jurisdic-_ 


tion, to permit re-opening the case for further evidence on the duty of water 
Salt River 
ae estint? in n Arizona, the Boise River and Salmon. Falls ‘Oreck decrees i in, n Idaho, | 
and the Silvies River decree’ in’ Oregon. . The Powder River decree in Oregon 
Eos is left open for r further e evidence on seepage and evaporation. . The determina- 
A ition of the State Engineer on the Humboldt River in. Nevada i is to be inter- 
for three. years for further consideration of, the. duty. of. water. The 
findings of the ‘Special ‘Master of the Federal Court on, the Truckee River: in 
the same State propose that jurisdiction shall be retained : for purposes 0 of al 
sible. revision of the duty of water allowances... a, 


Lm ee The State Engineer of Utah has provided in the recent. adjudications 4 
a by his office that the decrees may be: re- opened after five years to review the 


e-determination of, right may. made where it ‘ean, be shown 
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as such a re-opening ‘of the different old Court decrees on this stream, A 


7° 


of these Court decrees included all users on ‘Sevier ‘River, the present 
- determination’ is hardly a re- -opening of procedure in which all rights have 
"participated, Tn’ all cases these ‘supplying information "regarding these 


streams ‘expressed the opinion ‘that such a re- -opening would at 
inadvisable, the reason more 


“but that the probabilities of such re-opening are rather limited at least until 


conditions ‘and standards have changed ‘materially from ‘those existing at 


itt Decisions discussing the right to retain jurisdiction’ tnelude: Mays v 


“trict! Court, 200 Pac. 115 (Idaho, 1921); Big Cottonwood 
Co. v. Shurtleff, 189 Pac. 587 (Utah, 1920), 


— 


operating "satisfactorily, As. the opinions secured were 


people direct] ly. connected. with the adjudication or, its operation, although 
usually not representing any particular interest the stream, the results 
ay be regar ded as of the general opinion, noticeable feature 
ad of many determinations made by § State administrative officers i is the proportion — 


of such cases in which the findings by such officers are accepted by stipulation 
before. the decision. is made. In | some cases, the opinion was expressed that.a 


higher standard in defining “the duty of water, , particularly in, the earlier 


decrees, would have been in the interest of the public. Greater. definiteness 
in the terms and conditions were also mentioned as possible improvements. i In * 


general, however, it ap eared to be the opinion of those replying that any such 
that by re revis ion w 2 offset by the disadvan 


rad 


The following general ¢ ‘conclusions « are the result of the Committee’s study — 
of principles and practice in the. present for "defining the duty, 


in water- Tight determinations: 
—Determining agencies: are by standards of rea- 


ers. 
For 
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of Although the comment is frequently made_thet.methods 

water rights, particularly by Court procedure, are unsatisfactory, the replies 
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well supported. by. rat the er extensive actual use, adopted sie ly by, aie 


wok 2.— Those endeavoring to s secure the adoption of higher standards of prac- 
4 tice in such determinations may well be guided | by the previous a 


and will usually find their efforts more ‘productive, of practical results if it 


observed. An endeavor to secure decrees | representing a standard of prac- q 
= tice not s so supported may result in the determination being based on a less de- : 


sirable standard that might have been | followed if a @ more practical, presenta 

tion of good hed been made. & “ody 

—The irrigators to determine the 


at number of irtigations with evidence on the proper depth ‘per irri- 


ar sy gation based on measurement under actual local field conditions representing 
standard of practice it is desired t to follow , represents the most 


method of using both direct experience and ‘expert opinion. 


a of 4.—A form of decree which will: meet the requirements for direct-flow rights ao 


oe Rotation should be ‘permitted and encouraged and. the decree if based on a 
reasonable standard of use will generally result in practically requiring rota- 


of 


cae hie aaa in 1 the standards of practice used as a basis in ning 
mainly on the adoption in general irrigation 


ia of more of ais’ present knowledge regarding the advantages of a more 


economical use of water. Legal definitions of water rights can be expected 
follow practice, but -eannot to 


in decrees! for’ later ‘adjustments. in the ‘quantities decreed whenever 
conditions may ‘warrant such re-determinations, Buch provisions will prob- 


ably only be used at infrequent intervals so as to avoid general “disturbance | 


and expense in maintaining water rights. j= ##= 
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INTERSTATE W ATER PROBLEMS AND 


ebui-tadio bos ui oat to atari 13 .be 
ba The growth and y ee prosperity of the arid States rest 


the efficient use of the waters of the Western rivers which are a common r 
source, interstate in character. use and 1 re-use of, these waters from 


sources down, is imperative to ‘self- preservation of the States the welfare 
of the Nation. Water consumption in the Western, ‘United States has at- 


ry “tained th that stage of of "development wherein s such uses in o. one or more States fre- 
quently give rise to fear of encroachment on the use in adjoining States. 


es or 


Under such wherein the sovereignty of two. or more States or 


for trouble. The problem i is one between States ‘aval in powers and with ual 


rapid development of ri rivers for municipal, and hydro- electric 


: power purposes has brought many interesting engineering and legal problems t to oo 


es the fore during the past fifteen years. . Nor one has been more intricate or difficu 


— f solution and settlement than that pertaining to interstate water er rights. sg 


riction 1 between States a and nations over the use of ‘interstate or interna- 
tional rivers may easily arise from the fact that political ‘divisions generally 
don ot conform to river-basin boundaries, but cut across. the latter in every Pe 
conceivable direction 1 and overlap on adjacent river basins. - ix Due to physical — 
conditions ‘Present: in | practically all major drainage basins, demands are fre-_ 
quently made on the water supply of one State for use in another State or rin 
another river basin, and hence all phases of water utilization are affected by — 
such conditions. Not the | least of the difficulties arising over the administra- ; 
ton of interstate streams is ‘that due to differences in ‘State water laws, no 


two of which are the same. Each State may use the waters of its streams as 
7 may see fit save only for extra territorial burdens imposed, first, by internal — 


treaties; second, by. National contro] of navigation ; third, by interstate treaties 
be, 
compacts; and fourth, by decisions ‘of the United States Supreme | Court. 


‘aul This “paper will be confined to interstate river of the Western 
_ United States, although re reference will be made to like problems of the Eastern — 


= 


a Norm. —Written discussion on this paper will be closed in August, 1926. “When finally 
a closed the paper, with discussion in full, will be ) published in Transactions. apes 


hme Presented at the meeting of the Irrigation Division, Salt Lake City, Vian, July 9, 192 : 
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gation is essential to in be 
ning more and | more apparent, due i in part to olities da part to rapid 
growth ‘and ‘consequent uses of water, of pear 
Table 1 gives a summary of the more important rivers on which irrigation 1 
paramount, and shows the interstate character of these ‘streams. A brief 
“study of the table discloses in a measure the far- reaching effect which | questions: i. 
my relating to stream control may have where the interests of sovereign nations 4 


os: involved. 7 Many tributaries of the rivers noted in Table 1 and other inde- — 


“States and Nations ‘affected. 
Wyoming, Utah, Colorado, New Mexico, Arizona, Nevada, Cali- 
ornia and Mexico. 
Wyoming, Montana, Idaho, Washington, Oregon, and Canada. ibe 
poy 3 South Dakota, and Canada. 
olorado yoming,and Nebraska. |... 
Colorado, New Mexico, Texas, and Mexico Gen 


as Until the passage of the ‘Reclamation Act in’ 1902 irrigation development 
was chiefly intrastate in character. Then came the era of development under | 
Corporate, Carey, Irrigation. District, and Federal Reclamation Acts, 


imposing more or less’ silently. its demands on Western rivers. the colon-) 


iz ization and development of irrigation projects-is a gradual process, there occurs 
a lagging effect in the utilization of water appropriated for such 
the cumulative effect of which results in reduced water supply which is some- 


times, not. apparent from ten to fifteen years. ‘Tt ‘generally happens in’ 
a 


= Western streams that this condition is only: temporary and is largely corrected _ 
ud ‘Interstate river problems were foreshadowed i in the cycle 1902: which, 
i in some river basins, brought this subject of water ' shortage prematurely to the 
of. irrigators, engineers, attorneys, and legislators. A preponderance 
wetter years immediately with reservoir development | and 


until recently. Sinee the dry cycle ‘of 1902, recurring years, in: 
_instanees,) reflected water shortage in some of: the smaller river basins, ui 7 


= 


ently action. Although i in the: main, , careful ‘stalled 
proved | or will ‘demonstrate the supposed injuries to be chimerical,: ‘these 


are causes 3 which will lead to conflict and must adjusted sooner or later. nS 
“el _ Reference t to the U. S. Census reports shows the rapid | expansion of irriga-" 


du uring ‘the past twenty years. ‘The gures in Table 2 have ‘Deen extracted | a 
efrom and. are offered for their comparative value. 
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-7) sie See Tables 7, 8, voce 15, U. 8. Census Report on Irrigation, 1920. > 


s From these data it ‘is quite apparent that t reclamation | of arid lands reached 
culmination i in the 1909-19 decade. ~The effect of such development, together a 
ee with that of the } past five years, on water consumption and return flow is ‘now 


| oii. to be reflected in river flow, especially ‘with the recurrence of dry fe, 

years, which emphasizes interstate water problems. Bae 
»- Table 3 indicates the growth by Western river basins of irrigated areas for 


_ the seventeen- -year period of 1902. to 1919, and shows that such areas. Ww 


(Fr 


RAM oldideog to 


Great Basin 8 313 000 4 
Missouri River and tributaries. . 000 64 liars 
San Joaquin River and tributaries top 104000 126 ot 
Columbia River and tributaries. 3 878 000, in 


fut 


ai 

4 Table 8: shows: that jn. many ‘the i increase the, seventeen-year 

period. mentioned was frequently as great as. 400 and 500%, and even more for 


of considerable size. if sot uoiipaigil ai ead 


4 


bie Reference, to. Table 2 shows that the total reservoir ¢ capaci in arid and 


@ semi-arid’ States trebled | between 1902 and 1909, and more than doubled dur- 
ing, the period ot f 1909 to, 1919, Reservoir data river basins for 1902 are 


= 


In recent years, ‘prospective and potential irrigation, power, and municipal 
tg _ ~projects: of Western river basins have been outlined more or less b 

ing surveys § and : studies, and from these studies it. is quite. apparent that future 


water development, will have to bad in n large units, be chiefly interstate 
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agréements’ are perfected whereby State titles: ‘to river flow are ie 
arid State is immune because State lines do not conform to -river basins. 


‘deus; they oceur | on rivers of the Eastern United States, emphasiz- 


ing the importance of this subject. porls on 


TABLE 4.—DEVELOPED ‘Reservor Capacity, WE ESTERN 


San Joaquin River and tributaries 830 

Sacramento River and tributaries 
Arkansas River and tributaries... 


Independent rivers...... 1 899 


Great Basin drainage........... 395 000 


‘Missouri River and tributaries 
lumbia River and tributaries 000 


Fal 


_ Tremendous Property values “depending on the of f interstate 
streams are at stake, and future water development should be freed from the 


clouds of possible conflict which act as a bar to the successful financing of such 
enterprises. Prior to the development of the Compact Method, the only means 


on om available for the settlement « of interstate. controversies was through an appeal 


soe ‘Th he experience of Colorado in interstate water litigation has not been. an 
env enviable ? one, ; although she has never been the aggressor in any such suit. 1] Dur- 


ing the period from 1903 to 1925, inclusive, State appropriations for the i in- 


Veet vestigation and protection of Colorado interests in interstate 1 rivers ‘amounted — 

ne Bo As to about $400 000, and reservoir and ditch companies spent a a like amount in 

am joint litigation over such ‘matters. Roughly, a total of $1 000 000 has been ex- 


pended by Colorado a alone in in defense. The interstate ‘problem of ‘the 


Arkansas River has been in litigation for more than twenty years with still 


on no final settlement, despite one decision by the . S. Supreme Court, and 
three suits in the U. S. District Court, two of which are still active. Eleven 


ee. years elapsed between the date 2 of the inception « 1 of, and decision i in, the Laramie 


in n Colorado has | been retarded in in certain, caren or indefinitely — ‘be 


oid Colorado has been a pioneer on interstate river problems because of her 
physical location astride the Continental Divide with four major river systems 


ning the for of tated “interstate 
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river compact method for ‘settlement of such 


qs 
the outgrowth of a long period of years ‘of intérstatée’ water conflicts. | ('* 
To the present time interstate litigation | over. Colorado streams fas con- 
cerne comparatively sm smal water supplies which are relatively over-developed 
~ and yet four States were involved, the streams in question being:. . Si 


The Laramie River, with; an average, annual Yo 


Prien 
the  Colorado- -Wyoming State line 200000 acre-ft. 
> Republican River; with, an, average‘annual flow ‘gon 


Colorado-Nebraska State ing | 
Arkansas River, with an average annual flow at. 
-Kansas. State ‘Aine of about...,.. “i 


> 
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haye pointed. to ‘the need. of treatment of interstate water 
problems, on the larger rivers where the yearly: flow ‘approximates, millions: 


acre-feet, where,, present, and Prospective land... and, other "Property values 
hundreds, of millions:of, dollars, and where, from jtwo to, seyen States,claim 


ry 


of the We 


mature stage, comprehensive. plans) for greatest, use , can be. made, 


on are still, elastic for in terstate adjustments,., in some, Of, 


of the Laramie River ihterstate’ Wyoming’ 
Colorado. The first eompact proposal was’ ih eorijunction™ with ‘erigineer- 

‘ing! ‘ind legal’ studies of the: South Platte River! ‘problem in: 1916- later, 
lowéd by’ the Colorado Rivet whith te of 


Py. ee is should be recalled that as far back as 1903 both Elwood Mead, eal 


directed attention to interstate river discussedi the ‘ultimate’ need 
4 of! agreements | between the States» ‘concerning the “utilization: of \imterstate 
Recently, “baths Herbert Hoover, HoniM. ‘Soer Ov B., and 
J 


“Mead: have »placed' the ‘stamp! of approval vow. the interstate: water compact 


C. E., and Mr.’ ‘of the'U.'S.' Department of Agriculture, 


as a Uesitable: means: for! the settlement of: ititerstate iver :problenis. 


is/to'Delph B. Carpenter, Interstate ‘River: Commissioner) of Colorado, how- 


that’ credit isidue. for’ the wotking but of the stare it idea 
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te “The purpose of interstate water compacts, is to settle mee title to river flow § 


S. between or among the States claiming a river as a common resource. In mak- ee 
compact adjustments, the unde rlying principles have been to ascertain and sone 

define the relative needs and rights as between the States in interest ‘and to i 
future e development against unnecessary delays and the unsettled 


status of title or wasteful and protracted litigation. 


Lecat Basis For River Compacts: TREATY oF STATES 


obeto 
State of the United States ‘sovereign power and legislate as 
pleases concerning its” ‘internal problems, except as ‘such powers were 


Nite) 
linquished | under the “Conistitution. “With reference to “external” problems, 
Section 10,’ Paragraph 3, of the Constitution of the United States 
Fedogniizes ¢ compacts or agreements between States, as follows: “N ‘State shall, 


without consent ‘of ‘Congress enter any agreement or compact 


In’ fact, “heretofore, interstate! controversies differences respecting ix Cole 


lng fisheries, and other n matters, have been frequently settled by, inter-— 


it q 

mong the 1 many boundary may pd! mentioned reels 
‘and Pennsylvania, ‘(11 20); ; Virginia and Pennsylvania, 
‘(3 Dall., 425) Kentticky ‘and Tennessee, 1820 (11 Pet., 207) ; ‘Virginia plies 
and Tennessee, 1802, 1856, (148 U.'S., 508, 511, 516); and Virginia and Mary- ff wer 
nd; 1785 (153'U. S., 155, 162). adjustments of fishery disputes on 
Columbia River have been made between ‘Washington and Oregon, and 
also between Maryland and Virginia i in like matters in in respect to | the Potomac as 


River (153 U. 155). For a full discussion respecting the rights of the 
to enter into treaties. or. compacts, with. the consent of Congress, 
“Rhode Island vs, Massachusetts (12 Pet., 657,, 725-731) ;, Vi irginia vs. Tennes- 4 
‘see, (148,U. S., 503);:and Wharton vs, Wise. (153. U.S. 155). 
Summarizing, it is found that the States have the. same power (with the 


consent of Congress), to enter into. ‘compacts, with each other on all not 


5 


ineview of river controversies that such’ matters” | by 

are usually settled. ‘by treaty GHeffter I Droit Ind. Appendix Hall Inter- 
aidtional Law, Sec 89, 21 Opinion, U. Ss Atty. General, 274, 282). The Rio | 
controversy: between Mexico and the United States conceming river 
depletion and: water utilization settled) by: treaty in 1906. There is also asi 

= a Canadian treaty: of 1909 concerning the present and future use of the waters 7 Te 
the. Milk and ‘Bt. Marys Rivers, the former being a large tributary of the 


Missouri River... About) 1915 an} agreement was made in, Australia over the 


¢ 
The signatories that Agreement the 
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States of New South Wales, Victorias South Australis,, and the 

An effort has been un er way, for several years to sett le the. _cuntroversy ‘ 


between Egypt. and The Sudan over the waters. the Nile, Likewise, discus-. 


sions looking to the adjustment o of th problems. rising over, the use, of. ‘the, 


i 

_ waters ; of the Great Lakes and the St. Lawrence River are in active ‘progress 


between Canada and the nited States; Mexico and the United 
States over the Rio’ Fort Qui Tex 


i ‘The two important Supreme Court decisions concerning the use of Western 


interstate: rivers are those of ‘Kansas ‘versus’ Colorado (May" 13, 1907); ‘and 


the waters of the Arkansas’ River, was. filed by the: State of Kansas in May, 

1901. The Kansas suit: was ‘predicated on 'the Doctrine of ‘Riparian Rights. 
In Colorado the Doctrine of Prior Appropriation prevails. The State. 

Colorado contended that constitutional provisions entitled it, to ownership 


waters within its borders, ob walt savin the 


policy, although contending for the Doctrine of Pr Prior “Appro- 
-priations, raised the question of ‘Federal’ versus ‘State control “water 


plies. substance, the outstanding points “of the ‘Supreme Court decision 
1.—It affirmed State ‘ownership. arid’ control of waters of non- 


gtreams. This was the primary question involved. 


3) 


, —It defined interstate rights to be an equitable division or apportion- — ey: 


wm here: ment of the benefits arising through the use of waters in an inter- 
dismissed ‘the Kansas petition without: prejudice’ on the groun 


At the time of the Kansas- Colorado suit (1902), the irrigated. ‘from ithe 


Arkansas River ‘and tributaries, , according to U. S. Census reports, ‘approxi- 
ted: In Colorado, 300.000 acres; and in Kansas, 22000 acres, This inter- 


ma 
8 state river § suit occurred during a dry cycle of stream: flow and prior to any oats 


material development of reservoirs | in the, Arkansas: Basin. 
je +4 ais 


Wyoming versus Colorado. — ‘The Laramie River ‘interstate s suit was filed by. 


¥ the State of Wyoming i in 1911 over a threatened. depletion of the Laramie Rives: 
by a trans- -mountain’ canal system and tunnel, . “ Many, conjectures have been 
a made and several fallacies have obtained eoneerning the. Doctrine of Priority 


and. its, application to interstate river problems., Perhaps. the chief fallacy. con-, 
a 


cerning. this doctrine and. its, application to, interstate streams has bee een. the 


- assumption that: administration of river. flow should be basin- wide i in character 


7 regardless of State lines, and that ‘such administration should be by, the Fed. 


eral Governmen 


a oa The far- famed Laramie River Supreme, Qourt decision of June, 1922, 


been. repeatedly, contentiqn;, The, Larar amie “River 
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devi’ fundamental principled underlyin 2 thé’ ‘of 


‘Priority, the private rights in each State were grouped’ and 
allocation ‘thade was basa “on ‘the’ demands’ and not ona basin-wide 
adininistration ‘of priorities: ‘of “both’ States.’ The’ Court gave ‘to ‘the “most 
junior project | (Colore ado Tynnel) preferred diversion as against 
‘senior cana. Is in Wyoming, which were compel] reservoirs to supply 


the deficiency. “No Federal Bailiff was, a painted an: | no supe -administration 

placed i in the hands of the Federal | The internal administration 

of priorities of the I ‘Laramie River i in Colorado | or in Wy ming ‘reinains undis- 

turbe No interposition of Colorado. priorities was plastered, upon the :Wyom- 


ing, lorities, or, wice Th, au 000, acre- Et, per, year, of 


the burden reservoir. regulation placed on: Wyoming’ users. 


Qolorado, interstate river decision! waé!'as. fol- 

; inpay for allocating river flow to established uses in’ each State when 

‘\both States recognize the same doctrine, ' but-re-affirmed: the 
,sas-Colorado; decision . where ; local 


on held untenable. the Colorado, contention, that a State. “may use all 
"the water of an interstate stream which originates within its 


= 
bite te" all u 


athe 
held .that the burden of; “reservoir. is on | the. lower 


ate doctrine, is is primarily; a, rule of 

Jowal administration, and ite application: ina sweeping, way to a a large. river 

ar basin’ affecting: several’ States where: various water) wights date: back as farjas: 

fifty y years, would disturb: water) rights in) the, several, ‘States | and attendant 

re large property. values. ‘Purtheraiote, the transition: from | semi+ arid to! 
conditions ‘i in ‘a lower’ State whereby a different rule. would apply, would 


‘Physical and element | of time in river ‘flow ae opposed 


plied 


ay 


vas 


limes 
river basine as a ‘according the 


is ‘that changing conditions ‘and the presstire’ of need ‘may 


‘the’ present! inethod ‘and of | water administration within! ‘a State. 
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Any means ‘of settlement should avoid disturbance of the internal 
“The application of the Doctrine of Priority asa principle in determining 


DS a interstate apportionment i is, however, sound. ‘Such an apportionment was made y 
in the Laramie River case between the States of Wyoming and Colorado where 
state priorities were lumped i Lin determining each State’s quota. 


ties per annum were allocated to the u upper State, ‘the remainder going to Wyom- — 
ing, the lower State. State administration was left intact. No Federal admin 
is ration was EROS on the Laramie River, ‘and none is necessary on t 
her interstate river, “There has been a growing tendency to feta seal 


Federal assistance on interstate relations to the detriment of State auton- Z 


omy. The theory of Federal administration of interstate rivers is an apt illus-— ir 


tration ‘of such tendencies. recently as May, 1925, President Coo lidge 

pointed out the ‘fal llacy o of too much Federal intervention i in State affairs and — me 

the need of more State responsibility i in interstate matters. on 


With reference to ‘State, or Hederal control of i interstate streams, in 1908,* He 


EPR 


oe: Ling 


a “Ty wind be unscientific and in, the highest degree unfortunate if the prin. - 
| - ciple of local self-government, on which this nation is founded, and the oppor 
| ea to exercise self-reliance and self-control, which has done so much for 
its manhood i in the past, be taken away from the irrigators of the West 


Under method ‘of settlement, ‘State autonomy fi in water mat 


ters i8 ‘preserved | ‘and intrastate priorities ‘undi sturbed ‘as to position. In 


compact: adjustments of river ‘supplies’ ‘where development and water ‘utiliza- 
; tion: are far’ advanced, definite State allotments are necessary. Ing river basins — 
« 


where water utilization ‘is in. its infancy, State allocations can be made 


or less elastic to ‘fit changing conditions and the needs of the fut ture. 
‘ee 


Under litigation method of settlem mt. of interstate water disputes, 
call efforts are centered | on winning the suit. A vast amount of information i is a 


a submitted in an unco- -ordinated. way, and inadequate attention given n to p ot 


a ‘= ‘Under the compact or treaty method of adjustment, “opportunity is had to 


| mer 


river ‘basin whole, and from such st tudy to atrivé at sdine amicable 
settlement based bit established facts a8 to total water supply, irrigated and 


irrigable areas, municipal necessities, ‘reservoir opportunities, power possibili- © 


te Such studies must necessarily include ques ions of the relative necessities i 
of each ‘State as determined. by. climatic conditions, environment, natural re- 
sources, and facilities for utilizing them in the most efficient manner, ever bear- 


et 


ing in mind ‘that for all time to’ come Nature has placed a limit on a common 


_Tesouree far below the requirements, thereby making it incumbent on all those 
0 would “a wail’ themselves of its use to conserve and ‘re-use this ‘Tesource in 


the most. efficient way. "Mower State which permits water, the very life blood 


SG; ofan upper tate, to flow unused through ‘the lower State should not be heard 


of 7 
‘the 
vide 
4 
inst — 
— 
ithe 
ears 

— 
fol- a 

yhen 
% 

al 

they 
2 all 
| 

sof 

pro- 4 
tates q 
ty 
ower | 
q 
4 
| 
amid: 

— 

osed ri 

ands | 

ines. 
vater 

rine 


INTERSTATE WATER PROBLEMS 


all the theories. of economics, as. well as the ‘fundamental 


-prineiples on ¥ which American irrigation institutions been founded. 


Owing to climatic ‘and ‘accidents. of settlement in a Tiver basin 


development has frequently oceurred first in “then lower States. 


on the head- water States is more gradual, and if anes e rights are deter- 

a mined entirely priority rule, the upper State mig ht be largely eprived oO 

natural ree y oe, its origin prineipally i in its own territory. It would © 


impossible to remedy this evil by the exercise, of eminent domain 


— such | exercise would be limited by the boundaries of the upper State and could — 

not affect property in the lower States. The upper State is, ‘there ore, le ft one 


of alternatives: ‘First, to. prevent development in the lower State; or, 


ae second, to secure a recognition of its rights for future ‘development by inter- 

state agreement or compac 


Recent legislation by the ‘States of Wyoming and Utah provides for 
operation with ‘adjacent States in ‘the matter of acquiring, determining, super- 
ria vising, and regulating water and water rights of interstate streams, _ This is a 


constructive step destined have a considerable field. of. application the 
futures: Oregon has older similar reciprocal: legislation ¢ concerning the State 
ling canals, but it is ; less broad than other features of the Utah Act of 1921. 


ae _ 7 Within 1 the past five years, several States and Federal agencies have entered 


joint. engineering studies of. all phases of v water utilization of several 


_ intrastate and interstate rivers. ~ Com mprehensive reports with recommendations 7 


have | been. made, and those on interstate strearhs will probably be ‘the basis of | 


future water agreements between the States. affected. the Federal Govern-— 


me 


asin 


ioe is made to and Papert on, the Columbia River B 


ing the past winter (1924-25), North Dakota has passed legislative acts | 


providing for two. interstate water commissions—the Missouri River Commis: 
sion, to. be composed of of. representatives of Montana, South Dakota, and North 
Dakota, and the Red ‘River Flood Commission which provides for participation 


The object of interstate water compacts is to determine t the respective rights 


of the various interested States t to the use of a common river supply, ‘The 


‘compact. idea of interstate river apportionment. was formulated in 1916 


1917 im connection with legal and engineering studies of the South Platte 
River in a controversy then pending between States « of Nebraska. 


Colorado first application of ‘the compact plan of ‘settlement, however, 


ecause 


Complain of anv up sing out of the use__ 
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Ta. Plata River. 


marked contrast occurs on these two interstate river problems The 
Colorado. River water su 1 involves seven States 
PP y 
» water rights to 3 000 000 acres of irrigated land, and large potential 
“power possibilities. Water, utilization is still far from having 
"attained complete of development in. the Colorado River Basin, and 
. per year passes unused to the Pacific. ers , 
he La Plata ‘River involves. two St tates, 23 000 acres of irrigated land, and 
1 
about, 60.000 acre- -ft. of water per year, with the direct-flow rights heavily. over- 
decreed, and with storage as the final step in water utilization, 
ey Six years | after the commencement of engineering st studies on the La Plata 2 


River, four years after the initial legislative a act, ar an interstate compact is 
operation. Colorado ‘River Compact. is still an open problem, -although 
of the seven States have ratified unconditionally and one conditionally. 


progress has been made when it is realized that engineering 
‘studies usually require two or more years, legislative ‘ratification can only 


year als, and Congressional. rati fication be 


> year. theory ‘State righ 
way the Colorado be as 


najor one for ‘accomplishment, and the lat 
‘problem when ¥ ve 


required a large amount of to a Th 


South Platte ‘Compact i: is now awaiting ratification. va. 


for by legislative act... 
‘River. compacts concluded: 


are iver compacts IM! Operation. ... 


4 


Ate. 


review of water ‘utilization sind: development inter- 


tate rivers. ‘discloses many nascent and ‘potential interstate water problems. 
Among these may. be mentioned the following (Table are 


> other interstate rivers, namely, the Colorado River and the § 
ie The necessary State and National legislation providing for 
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rkansss . and Kansas,....... Negotiations in progress. 
lorado arizona, California, Colorado, Compact concluded. ‘Ratified intact’ by all 
; _ | Nevada. New Mexico, Utah, States except Arizona and California, which — 
La Colorado and New Mexico... President, January 29, 1925. In operation 
Engineering nvestigations comp eted ; hear- 
North Platte, Colorad 0, Nebraska, 'ings held in 1924 in three States; ‘active 
New Mexico and Compact ‘concluded bey +1924 ; 
Rio Grusae. ee Colorado, New Mexico, ‘and 


bir ry Senate ; amended in Assembly with 
.|New York, New and Nore.—Ratification b Pennsylvania im- 
ad, Pennsylvania eee ‘possible before 1927. Compactasamended 
3 sheen, other ‘York: Compact with reservations and 
_ amendments proposed by New Jersey pass- 


James River. .|North and South Dakota. Flood controland drainage. 
Big Sioux River.............|South Dakota and Iowa.....|. Flood control and drainage.: mis: q 
Columbia River -|Montana, Idaho, Washing- and power chiefly. Columbia 
ton, and Oregon........-.-| } Basin Project involved.” 
Snake Colorado and Wyoming.....| Irrigation uses. 
Routh Canadian River,..... Flood control and conservation. 
Pome Missouri, and | Okia- { Flood control and conservation. _ 
00d control and conservation. 


Caney River. Kansas, dud Okla- 


Regulation of present waste from about 
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Acrésumé of the; foregoing discussion, it is believed, will reveal the follow- 


ing pertinent, and outstanding facts, ad 2i teal te oil Insqqe 


First-—The vast | importance of: the subject ‘herein. discussed as 


between sovereign States, the “protection of existing rights in 
each State, and the systematic, necessary, ‘and logical development ‘of the net ae 
resources: of not only the Western United States, but all parts of the Nation m, 


where such resources are an ‘interstate character. de 


Séeond —That with respect to the ‘status of interstate streams, the Supreme 


Court of the United States has'made'a number of well-defined rulings’ which 


have’ quite’ definitely’ established certain limitatioris to the exercise of State an 
Federal control of a resource common to two or ‘States, and which point 


‘the’ way for future action in interstate matters.’ ‘These! may be ‘enumerated as 


oe (a) State ownership and control of waters of non-navigable streams. _ 


(b) Equitable ‘apportionment between States of the benefits arising 
through the use of the waters'of an interstate stream. 

Recognition ‘of the fundamental: principle of priority as a proper 


basis. for, allocating. river flow to users claiming water from an 


interstate stream when | the i interested. States recognize the com: 
on doctrine of priority of use. 


OP ‘Holding as untenable the theory that ‘a State ‘rightfully 
-the-exelusive' use of all the waters originating within the boun 
| of such State to the .serious detriment of lower 
ob: such water.supply is a common: resource, , and where each 
State recognizes the doctrine | of appropriation. rid 
2 (e) Affirms the principle that ‘the locus of application of the waters, 
ae ‘ef a stream common to two or more States is not limited to the. 


ther things the Supreme Court has ‘refused to pass upon the 
contention of the U. S. Government that all the Se 


aye 


-dools 


As a;result of such, decisions it is apparent that no State is supreme in mat- 


q to the utilization, of the a stream common to two 


r be found for the determination and’ sMocation of the 

such right. As between two nations, such means are limited to arbitration 
war. As ‘between the States forming ‘the dation, such means are limited 
to arbitration or to appeals’ to the U. 8: Supreme Court, resort to force being 
prohititedd ‘under the Con: stitution. “The ‘treaty ‘or ‘method ‘would 
seem to offer great possibilities and a’ rational basis for the settlement o of ‘inter- 
disputes, ; as ‘such. method provides ample opportunity for a dispassionate 
analysis of all conflicting claims and ‘equities, an ‘'atmosp here of fairness and 


the Tight of all ‘establishe acts. 
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WATER PROBLEMS 
It is ee opinion of the writers that he opportunities : 


of such disputes, offered by such means, , should be resorted to first, ana — 
only after. every” effort has been completely exhausted should eith her ‘State 
appeal to ‘the Court of last resort. is believed that sue ‘procedure is scien-_ 
tifically sound and is certainly conducive to that sense of 


Any decision based on an incomplete ‘presentation of the facts, or a per-— 


_ version of the same, which is likely to occur in any Court. proceeding, and 


which. eaves: the losing party honestly convinced. of the unfairness of ‘the 
“decision, is: fundamentally w wrong, and in a true. sense, cannot be regarded. 
real settlement of the ‘dispute. Court decisions follow Constitutional provi- 


sions and statutes. The former of necessity are fundamental i in their applica- ia : 


tion, and may. permit of considerable variation in interpretation, The latter, 
although supposedly based on the “elements of f equity, justice, , and common 


sense, often fall far short of the objective sought, ‘and the Court interpretation 


ns which pe 


am on 
such Ziapttes, expensive litigation resulting i in ‘an’ ‘uhséttled ‘state of affairs 


continue as a clog on 1 future development. Suits between individuals or 


_ even when decisive, the results ‘are, limited to the parties in action and to the | 7 
particular question before the Court. Suits between States which must, be 

brought in the U. S. Supreme Court usually result more or ‘less 


determinations, but such decisions require long periods of time ‘and the — 


corporations ¢ of different States are. expensive, both i in time ‘and d mo ney, | 


ite ‘of large | sums of money. ‘Some of the decisions indicate that the Court | 
was more interested in enunciating some principle, applicable to. case 


question. than, in a definite and constructive, settlement of 


be On the ‘other hand, under the treaty method of adjusting interstate con- 
wi 
troversies, full play is given for the ‘application of ‘constructive 1 methods look- 


‘ing to a realization of the aspirations of each party. - 
re when a common ground has been found, the consummation ofa compact between 


7 States eliminates all future litigation of the matters treated, not ; only | between 


the States, but _ between the residents thereof as well, ‘thereby promoting 


“orderly, d development. through ‘determination of the relative rights” to. the 
use of a resource under. conditions be determined by the owners 

Be hi Further more, a treaty between sovereign powers is not susceptible of arbi-. 


or revocation. or modification without the consent of the ‘con 
on 


heating: parties, wwhich tends for r greater stability as against . Court decisions 
which are of reversal. or such modifications as may seem meet and 
proper ‘to the Court, On the other. hand, in the drafting of an interstate 
~eompact, ‘provision may be made by. ‘the contracting parties. for. desirable modi-- 


ficatio which might time would Provide a, 


a 
+ 
| 
q a 4 
of 
| 
q 
4 
— 
| 


INTERSTATE WATER 


flexible method of administ: ration, compatible the necessities 


4 of an advancing age. conditions would not ordinarily obtain, under the 


rules and limitations which ‘usually hedge about’ the administration 


sae Not the least of the advantages to | ‘be secured to each’ State throughthe — 
use of the ‘compact. method of settling intenniate ‘disputes as the elimination: of 


a real ‘menace to State institutions and constitutional guaranties, ‘that of Gov- 4 
ernmental interference in the allocation and administration. of. public water 


4 supplies. _The e writers ki know of no. theory. advanced by ,proponents 0 of Federal - 


control of 1 ‘the 1 resources of Western, States that would be so inimical to the wel- aes 


fare of irrigation institutions | as that of Governmental ‘supervision of the 
administration or control, of public water ‘Supplies. Tf for. no other reason thi 


this alone i it is highly i im ortant that ‘the Ww estern States adopt s some ‘method 
‘a for. the adjustment of controversies over interstate s reams which 1 would elimi- 


the, necessity for | an appeal to. a Fe ederal tribunal. with; the ec nseque 


portunit for im osing F ‘ederal: ‘su ervision. no wed baa 
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STREAM REGULATION WITH ERENCE. 
The regulation of the water of a stream to render it available for: both 


and irrigation is largely a local problem. 


eldmuin 


Power and irrigation de demands are usually so widely different that a de- 
a cision ‘must be reached as to which use shall be g given | the preference, and rarely 


do the two demands dovetail 0 completely that there is no conflict. | 
r In some sections, notably i in California, a ‘source < of power is being rapidly 


developed that is purely a by-product of irrigation... Where’ large reservoirs 
are. constructed for the: storage of irrigation “water, ‘plants ‘are: being. built’ to 


develop power when and as irrigation water is valendad: from them. On some 


streams by of ‘thé law of priority ‘of: water tights. the ‘Opposite. is true 
irrigation. use is! secondary to ‘power, ‘agriculture by irrigation thus’ becom- 


a by-product,o indus Hane pgnol in ro tamed opis 


‘ail purpose’ of “this” paper ig to” inquire general terms into ‘the varied 


oS conditions where‘ wer’ ‘irri ation uses are of importance and t cer- 


tain whether it i is. possible to aid i in providing against a conflict o interests — 
ath 
where _new developments are in | prospect,, in harmonizing to some extent 
is 
conflicts that already exist. to, shake wot Yo 


Baas In general, the more uniform the f flow | of f a stream the more useful it is 4 

a in its natural state, whereas the greater its variation the greater the necessity 


for reservoir regulation. Uniformity of flow is, _ however, of secondary con- : 


sideration in water- sheds Where there are feasible reservoir facilities to 


the arid ‘West ‘there is more land suited for irrigation than there : 


Hot 


ade ‘Presented at the meeting of the Power Division, Salt Lake City, Utah, July's 


Cons. Hydr. Engr. (Stevens & Koon), Portland, Ore. 
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| a i reserved supply has been under irrigation for many years. The expansion > 
‘ot a i of irrigated areas, therefore, must depend in the main on reservoired water | 
Pa upply. On this account it is safe to state that in the arid West the important [ff 
Ha oe ver characteristic is total annual water yield rather than uniformity of flow. we 
1925. 


ON. AND 


Iti is obvious that if the annual yield, of a a shed .is to be. used 
for irrigation, ‘sufficient storage ¢ capacity must | be provided to make that, supply 
available during the irrigation season, ‘and it makes. no great difference whether 


ye supply accrues gradually throughout the year or within a few months, 


_ Passing from the southern to the northern limits, or higher altitudes, of 


the’ arid West the irrigation season’ becomes | shorter! with correspondingly 


greater variation ir “monthly "irrigation demand. order to” 


are’ shown in Fig. 1 It will be noted that the maximum monthly 


varies from 18% ‘of the yearly: total in the Imperial ‘Valley to. 34% invthe 


‘Klamath District. ‘Tt is. obvious, therefore, that for’ equal | land areas and 


equal yearly water yields, reservoir capacities and distributing canal capacities 
40) 


al 


Nevada 


‘tan oaquin 


Mor 3 


duty of water intensity of its, this being governed 
by factors other than climatic, _ For or example, the water requirements of Imps 

Valley. with a month irrigation no greater than those of 


} gin 
water supplies, reservoir and canal capacities per ¢ acre in Northern 
ton must be twice those of Southern California, to give the desired degree 0’ ee 
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Gay Boise 2.72 Ft} - —Northern Wash. 3.0 Ft. 

\ thward, 11 the same year 1 

must be relatively greater as we go nortl 
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is ‘used’ for irrigation pumping the’ proportion of! 
fn in the’ “West ‘is mall that! its effect ‘on ‘the ‘total is 
‘Hardly. power for ir tigation pumping ‘is ‘is destined, however, 


_ to become a muc more important’ factor t! aaa at present is evident from the 


continually increasing pumping demand. EPS RENCE 


There;are about, 19,000 000 acres under irrigation, at_present,in the United 
of which; 16 000 000. acres,..or | supplied, gravity, and 
3,000.00; acres-sonly, 16%—by. pumping. vit has been estimated: that, there, 


approximately, 15 000 000 additional. acres that,,can ibe; irrigated iby, gravity 
reseryoired, ‘arid 10 additional: iacres that can = 


5 to! 200 ft. showed a total of, 608,000 vacrerft. lifted. an average: height 
of 40 ft. An acre-foot of water falling 1 ft. represents the same ‘amount of “| 
_ energy as a kilowatt- The avert power consumption of the plants: : 


sks total ‘electric power United States in swas 
000 000 000 kw- if all irrigation pumping in. the. United ‘States= 4 


been by « electric | power on water duty: basis. of 2 ft.; the total otal energy 50 ‘used 
‘would be 500 000 000 kw- -hr.,or only 0. of, the total power. demand of the 
United States. Compared, Gvith the Mountain, ‘and Pacific States alone, wherein. 


000 000 000 kw-hr. weré gerierated in 1924, ‘the? pumping load would amount 


‘The ‘growth of fndusttial power demand in West is probably greater 

than the growth of} power demand for irrigation pumpin ing, hence ‘it seems safe t 
eae to assume that in the Mountain and Pacific States the power 7 demand for irri- 

gation pumping will not exceed ‘4 of the tot ‘power demand™in those 
‘States, even. all s _sus¢eptible. areas are ultimately rought under 
by ‘eledtric pumping: ~Althotigh ‘this sta itement, applying’ as ‘it ‘does ‘to the 

West, indicates: ‘that irrigation pumping will not be a ‘controlling factor 


power development, it ib, nevertheless; ‘a very important’ factor ‘i ‘in certain 


> 


diagram: Note that: the load: characteristies ‘of the’ ‘Tduho ‘Power’ Company 
quite symuietrically opposite to those lighting load, due ‘almost exe 


Renation or Water AND Power DEMAND © 


abi “Practically: none thie tivers'of the country: has’ 
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— West.’ ‘The demand of the Idaho. Power Conipany shows thé gréate 
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to ‘atitized ‘as ‘fully’ as 


‘igs. Bt o 9, inclusiv show: the Ww water supply characteristics in seven rep-_ 


| 
resentative districts, relation’ the irrigation and’ power, demands theréin. 

Quantities a are expressed i in percentage of yearly’ ‘totals, hence equal areas 


Water supply govérns' the extent ‘of irrigation, but does not 
solely the amount of power that may be developed, a8 bg oth’ and 
‘are’ ‘factors: in “hydro- -<lectric ‘developmients. "There are’ many ‘hub- 
stitutes for water i in ‘power getieration, but there is substitute for Water in 


‘Itm ay ‘ds well be conceded, therefore, that the ‘water Of the 


is Yestined to’ be used for irrigation primarily’ dnd’ that power generation 


utilize! What'is left after irrigation Has been’ supplied." 


f Yearly Total = 


ur 


stol w |doidy 
Feb, Ma June July, .Aug. Sept. Oct. Nov. Dec 
each’ of ‘the diagrams, Figsi' 3! to Oy the « extent of artificial storage 


quired for complete utilization of the supply for: irrigation’ is ‘indicated in 
of ‘the yearly supply, also ‘the proportion of the annual water supply 
caitr be'used | for ipower after irrigation ‘requirements have been satisfied: 
10 3' shows: the characteristics’ of the Lower Colorado River. Valley: 
a the flow of the Colorado River, 26% will have to be' stored to render the entire a 
supply: available for Grtigation. This would amount 'to 2 800.000 acre-fti ‘for 
the average low- <water ‘year. ‘The: Si: Bureau ‘of ‘Reclamation’ has placed 
2300 000: acre-ft. as the! limit ‘of storage’ required: for lands susceptible of 
"irrigation. in both ithe Upper: ‘and: Lowér ‘Basins, asi there is not’ quite 
cient: land to: utilize! the entire water su supply.' If. this river were conipletely 


regulated by ‘storage for irrigation, 85% of the’ water supply 
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‘STREAM REGULATION: -TRRIGATION, AND ‘POWER. 


for power without. interfering, with | irrigation, would : mean the possible 


of 700 000 000 kw- hr, for every. 100 ft. of fall utilized. 
Fi ig. 4 shows the characteristics in the San J oaquin _ Valley. “Phe storage 


‘required i is 34% of the yearly s supply. Of th this supply 65% could. be used for : 


without interference. ai beeegaqzo ots 
5 shows the characteristics of the Sacramento ‘Valley. and indicates 


- 63% of the annual s supply. will have to be artificially stored for. complete _ 


utilization of the water supply for irrigation. Only 58% of the supply n may, be 


; iar In ‘the Salt Lake Basin, Fig. 6 shows that 64%, of the water must be. stored ¥ 


for irrigation and that only one- 2-half the yield may be. used for, power. 
a al As shown i in Fig. 8, 44% of the s supply i in the Yakima Valley must be stored | = 
for complete, irrigation, and power use. may be made of 58% of the yearly 


ai 
supply. Reservoirs, already constructed. or planned, 


0% of that indicated a as for the low-water year. 
characteristics of the Deschutes ‘River Valley, shown in Fig. 
interesting. The flow of the stream ‘is remarkably but 
demands that the entire supply, be. used i in five months, if any 
stream merits. preference for p power over irrigation, ‘Deschutes River may legit~ a 
In spite of the remarkable ‘uniformity of flow, 64% the 
cs must be artificially stored for complete irrigation, — On other han d if the 
water of ‘this stream were. reserved for power the could be 
used by storing on pass sn 
reservoir of 60000 acre-ft. w “would completely the stream 
purposes, whereas the storage of 640 000 acre-ft. is required to accomplish the 


‘same purpose for irrigation. Tf: so ) regulated for | irrigation, only 40% of the 


upper river will be available for power v without With irriga- 

© this basin it is proposed to construct reservoirs having an "aggregate 

capacity of 525 000 acre-ft. which will furnish complete regula ation for 
irrigation of all available tsi during the year of least supply. he -§ is also pro- 

2 3 posed to construct a reservoir of 100 00 acre- ft. capacity on its principal trib- 
—utary, Crooked River, to be used entirely for power on the lower r river, thus 


sf SS. regaining to some extent the power possibilities lost. by giving I Deschutes Se 


& should be emphasized, that the foregoing data and deductions are in 
general terms, and are presented to show the maximum characteristic ten- 7 
dencies | only, without in any: way attempting to outline specific ‘Projects 
supplanting particular studies that have been made. 
particular t the data given concerning the quantity. of water. available 


power after irrigation requirements have been met are ‘subject to a variety 


rs of, interpretations. If one ‘group of power plants’ could be placed . above irri- 
a gation reservoirs and another group below, but above canal diversions, in many “= 
aa _ cases the entire supply might be almost completely utilized for both. — 


and irrigation of, intereet, 0 In some. instances, for example 
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vill be be largely confined to a 2 


iver,’ return water from irrigation becomes a very: important 


Yeservoirs, are. e. being ‘extensively above irrigation reservoirs 


aan It is | evident, therefore, ‘that the use » of water: for irrigation or power, or 


both, is s strictly localized and cannot be applied to 


1 


is developed as a by- product irrigation low 


= 


tion reservoirs or at ‘drops in irrigation canals, it is impossible to utilize the 
, full supply for power unless a market having irrigation characteristics i is simul- 

Ina very interesting paper entitled “Hydro- Electric. Power ia a By-Produet 


of Agricultural Storage” * Everett N. Bryan, Assoe, M. Am. Soe. | E., 


completely analyzed this source of power with particular reference to the San 7 


Joaquin: ‘Valley. Mr. “Bryan states that in this ‘Valley, projects: completed, 


under « construction, or about to construct, w ill irrigate . nearly 600 000 acres of | 
a land by gravity and at the same time sufficient power will be developed to irri- 


gate an equal area by pumping through a 90- ft. lift. It is 3 s obvious that m 


stored 100 ft. above the release of that water 


n 
The ‘utilization of ‘such irrigation power 1 on 
te irrigation pumping, or otherwise on transmission to industrial markets 
oe supplied by. steam. _ By interconnection of large power systems it is pos- 


sible that thie irrigation power ‘may ‘become an important agent in. reducing 
ng 


| 
oe the amount of steam-generated pc power, but its ‘time distribution is such that : 


cannot ‘supplant steam auxiliaries, , because of the low- “water” periods prior 


wa and subsequent to the irrigation season when this Ba is not available. 


There is, and probably always be, a conflict between power and irri- 


yigawc 


gation in their respective demands for water. It may as well be recognized | 


and admitted that complete harmony ry of use can rarely be. obtained. _Devel- 


gation, , such as are ‘possible on n the, Columbia River, and streams draining | the 


necessity « of an attempt to harmonize these conflicting uses, 
particular instances considerable can be done to “dovetail use of 
water for power with that for irrigation, The Salt Lake Basin, where pra 
- tically all water used for irrigation is also used | for power at some point in 
line of travel, from mountain to lake, furnishes an excellent example of Ww 
may be accomplished in this direction. 


f extensive “power largely many years to. come the 


4 
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for agricultural demand for foodstuffs increases directly with 


increase of population, whereas, demand for power per capita i is ‘compounding oly 
ata startling rate, J x comparison of the growth of population in the United er 


with that of generated | power in kilowatt: -hours per capita is shown 
‘Fig. “10. During t the past twenty. years population, | and with it the demand 


> for agricultural products; has increased 88%, whereas power consumption per 


i capita has increased 1200 per cent. gation 


120, 


— 


7s 


ut 


The next decade: will see an enormous growth in power, and 


™ one can predict when the saturation point will be reached. . On the other f 


aft 
~ hand the growth of agriculture will be ‘comparatively slow, the. saturation point ti 
having been reached years ago. In fact, -saturation has been 
\ 


Such wil increase the conflict between power and irri- 


gation. "Nevertheless, the water supply of the West’ niust be preserved for 


z agriculture regardless of the power demand. “ah ‘Every effort ‘should be made to ee 


harmonize ‘the two wherever conditions permit, Tt is believed ‘that’ much can 
done to accomplish this, but the problem id strictly a local one “andl 


plan of procedure can be outlined. oda ot en ifour 


: t Ho or, REGULATION, ame youl Tto- pontine 


Strictly speaking there i is only one known method of regulating stream | flow, 


that i is by stora e. Stora e, however, may be accomplished i int more’ than 
by ge. Storage, how pl 
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own. 
of 15 000 000 additional ‘deres may be eveloped. 
n some ties where Suitable reservoir sites are not to be found extensive 


ae: is 8 suggested that a somewhat similar plan is is worth serious study for 
| s Angelés District. That city, is daily pouring. 300 to 400 s sec-ft. of 
oe sewage into the sa , 99% of which is pure water. | If this wasted supply were — 


treated by modern methods and ‘pumped back on to the adjacent valley lands 


those sections. as another ‘method of water 1s being 
sistently, ad 

student of the effect of forests « on water's sup ply for years and hal yet to 
reliable data to prove t that’ sts have: any. appreciable value i in, eonserv- 

ing water supplies. This shoul ld. not b be construed meaning ‘that he is 


Pity opposed to the 1 forest policy now in éffect or the plans for systematic re reforesta- 


| 


the slightest danger 


tion that | are ‘rapidly taking shape. There i is abundant and urgent need for r 
protection and perpetuation, of the forests, from _the standpoinbs 


products: and ‘recreation, but v why persist i in to ero 
4 


aj 
a Propaganda on ‘this subject has and misleading, as 
trated by the ‘followi wing quotation’:*| “The connection between forests and rivers 
is that between father and son. - Vo, forests, no rivers, 


course, but nevertheless an epitome of the intellectual diet on which engi- 


“Great plans” have be een made or exhaustive r research into this question, 


Comparable areas forested but otherwise similar, ‘haye been 


selecte with great care, dlaborate. h ydrographic and ¢ limatic 


tions have been made on them | over a series of years, Long standing record 4 


iver flows under ya varying forest conditions have been scrutinized, 
tory studies have been madeand, volumes have been written, but to, the 


Tite 
a only \ unchallenged ; truth that has been ‘adduced 3 is ‘that the, forest, is a jh: 


consumer, of. _water,. which: fact was already. known, , Forests consume from 15 


to, 30 in. of precipitation per year, and, that;is all there is to it, Of, 


effects exists, as I retarding the melting of sn snow,, absorbing and, holding 

"moisture in t the forest litter, stimulation of soil infiltration, and retarding of 

surface run-off, they are too insignificant to be of economic importance. 
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hel at Milan, 1905, by Mead, M. Am. Soe. C. E, 
» and Taylor,§ M. Am. 


f strictly o on “its merits, mcr being convinced that there i is no o foundation for 


popular belief that reforestation i ig| a. practicable means of, effecting stream 


Tn “water-sheds where the total precipitation is or r will, ultimately be 
r 


for irrigation and.where the.entire . supply he. regulated by. § storage 


‘reservoirs, the forest on, the, water-shed. is. _a detriment instead of a benefit,, as 


far as water supply 8 alone i is concerned; because if it were not saul the, forest the . 


On the hand, in regions of abundant rainfa dense forest 


sipate large quantities of the precipitation that wou ld run off the 
This "dissipation, however, i is concurrent the supply” through 


evaporation during the growing season, , through transpiration. 

y Flood supplies are not held over to. augment summer yields as is popularly Re 

believed. Forestation, therefore, as a means of water storage and stream 


regulation is without economic value from. the standpoint 0 of 


ae In treating = ids subject generally no tangible : means of effecting harmony 
between the use « of water for sod. irrigation disclosed. 


ri rights, deprives power sr development « 


ight otherwise obtain Water vitally or but 


are for utilization for irrigation than for power, and the 
_ shorter the growing season the greater ‘the amount of storage ‘required. 
of stream flow is valuable characteristic in _ Power develop 


“ 


3 for | power alone and fe foothill re- storage for irrigation, _ Power obtained from 
we the utilization of re released irrigation water will’ minimize the amount of a o 


— 


Transactions, Am. Soc. C. E., Vol. LXII (1909), Pp. 
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- § House Doc. No. 1294, 61st Congress. ; 
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i- Regulation for power conserves surplus waters for use throughout the ee 
entire year, whereas regulation for agriculture conserves the surplus for use 
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IRRIGATION “AND POWER 


Power froin’: irrigation rélease has its most promising market in irrigation 
but the extent ‘of this market is limited, and owe can ‘never hope 


to so utilize all the power that can thus be developed. Mts bl: 
1991 The problem of best’ utilizing the available pa both Hower 
Det irrigation is strictly a local bne and cannot be treated in general terms. 


ater supplies, definite storage opportunities, definite 
Pectin 


“irrigated, and known power 


Primarily actual regulation miay be accomplished through the construc- 


q tion of storage reservoirs, and, secondarily, through soil storage, but ‘not. at 


— cases harmony ¢ can fostered and much ca can be: done ‘to eliminate f 


long run will benefit t substantially by that concession. 
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THE IMPROVED VENTURI FLUME Yo 
ott Titite 9 99 ide égiadseth’ "to ote ‘ods 02 


x; 


L, PARSHALL AFFILIATE, Am. Soc, Cc. E, (by, letter), hen experi- 


"ments were first made in the spring of 1915 ona type of measuring device 


haying, a converging and diverging section joined by. a ‘short throat section, 4 


Ter was 

_ with floor leve throughout, this device was called. e Venturi ‘flume, because 
in plan it greatly resembled the converging and diverging sections as found in 


the Venturi meter, although in the flume the. angles: of ‘convergence and 


divergence were equal. However, in this new the water was not 
Pressure. As in the ‘meter, two heads’ were observed, ‘one in the 


converging ‘and one in the throat “Pate, when experiments ‘were con- 
‘ ducted on the improved type of this device i in which the angles of convergence _ 


and divergence were not equal and a depression in ‘the throat section was a 


introduced, this’ modified form w as first called “the hydraulic jump flume” ae 
but because of to ‘the original ‘type, ‘both in design and section, 


16) 


= 


but the y be: as a broad- crested weir 


without contractions. However, the additions of. the depressed section 
the ‘throat introduces other conditions which modify. action. “The 


_ improve ‘Venturi flume, when under submergence of more than 70 to, 15%, ian a 


operates ‘under t the Venturi principle. Tt would seem, therefore, that it may or 


may not be a V. enturi flume, according to the condition 0 


| From a theoretical standpoint, ‘when the depth. of water below. the crest 


: _ becomes positive, the flow is regarded as being. submerged. As the depth | below 


> increases and approaches. that of the upper depth, the percentage increases, “. a 
approaching a limit when both these values are equal, T heoretically, under this 


condition the flow would be zero. For small differences. or a high degree of 


“submergence, when based upon “readings taken, a8. indicated in t the ‘Plan 
{iii sid ‘ 


elevation of the improved Venturi flume, it as been found that a con- 


siderable’ discharge results when these heads are practically identical. The 
Teal. effective head, however, is. not _ consi ered because the points where the 
Discussion of the paper by Ralph Affiliate, Am.. Soc. E., continued from. 
¢ Author’s closure. od al, ilie 10 dower buts 
t Senior Irrig. Engr., Bureau of Public Roads, U. Dept. of Agriculture, Fort Collin, 
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ON IMPROVED VENTURI FLUME 


not give the true difference causing the ‘velocity of 
af 1, Wine 7 
se vm As poin nted out by Mr. Lane,* ‘ the flow is theoretically submerged when the 


elevation of the ‘water sutfade iti|thte: throat: is, higher | than | the! crest ‘elevation, 


because the rate of dis charge is not affected by this ‘until the 


‘ 


is isa “funetion only ‘the 
ined head, H, is, appr 
—6(0.5 ae the velocity of the water through the throat is sufficient to clear the 
throat s section of the agitated condition, | and the stream, through ‘this section p 


and ‘of ‘relatively. high’ “velocity. this condition | once 
, the ‘discharge ‘may be ‘reduced ‘materially and yet ‘this’ ‘smooth 
condition of | flow’ persists ‘until the ‘yesistance, du e to the upward inclined’ sur- 
of the converging section, is sufficient to o vetbalance the ‘momentum 4 
the flowing stream. At this point the flow breaks and runs back into the th throat. ' 
i is found that the law of flow is not changed where the stream ‘passing t 4g 
ei section is smooth or where, the hydraulic jump is formed in the ‘throat 


var 


- section, providing the ratio of the throat head to the upper. head does not or 


Wher e the ratio of the Pop upper 
e 


exceeds this value of 0. 7 the « condition of fam is assumed to be submer 


al 


limited in from 69, to. | cent. The total free-flow 


were not all presented|in Table 2.¢ data, given, were for the purpose of 
showing merely the agreement of computed | and observed d discharges for these 


observations: Weed dared on 
greater than 69. 9 per cent. ‘These data Were obtained both ‘at' the ‘Bellvue ‘and 


Fort) Collins’ laboratories for discharges ‘ranging from 0. 3 sec-ft. to approxi- 
mately’ 80 sec-ft., the ‘size of the 'flumes being 1, 2," 6, and 8 ft. "These 


taken by various ‘obsery ers, were plotted giving 


aw to diueb ot codw monk 


The free ee eflow series Gondiste sd of 162 tests, OF ‘which 2 rejected. The 
‘the basis for the. determination of ‘the . free-flow 


sau 


1p 
"Neate: Of this number found in, ‘the 
observed discharges, 155 test 8, Or 97%, agreed 


i 


is” 


field. with he would to thin flume is as 
the ordinary’ weir field conditions. be e 


ty 


true where much sand or silt is carried in the stream. 


_ * Proceedings, Am. Soc. C. E., December, 1925, Papers and Discussions, Pp. 2030. sin 
Loc. January, 1926, Papers and; Discussions; p. 104... ‘ 
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calibration ‘of this' type bf measuring Hevite of various' Sizes included’ 


ati extensive’ ‘series | submerged flow’ conditions. Tt: “appearé’ froin’ ‘the’ 


study of these data that although the’ submerged’ flow ‘does not give as close 
"agreement as the free- flow condition, ‘it may be,a assumed to be within practical — 
limits. total of 229 submerged flow tests, in which the upper head did not 
2:52 ft. and the degree Of’ submergence rangéd from 70° to 95%; 1 te st 


of ‘the computed and “observed discharges, 194 tests, « or 85%) agreed ‘Within’ 


plus or minus 5 per” r cent. The tests in which the submergence was gr 
than 95% were inconsistent and erratic and were not included in the 


1924 were conducted for the purpose of 
the effects of introducing a parabolic curved surface as a floor in the throat ot a 


section. ‘These tests seem to indicate that an increase ‘in the degree of sub- 


ould be realized before it materially affected the free- flow discharge. 


“built by workmen ¢ of little ‘mechanical experience, leads to the conclusion that 
i the ‘inclined plane e floor surface in the throat section would be better, even if Bs 
the effect of the degree of submergence would be slightly less. : Tests were also eS 


made on a small sized improved Venturi flume having trapezoidal : section. weet 


Tt has been found from the practical application of the improved Venturi 
flume i in the field, that protection is necessary below the structure when th 


stream is being discharged under free- flow condition. The exit velocities 
f are relatively high, and unless, the bottom and sides of the channel are pro- 


tected, erosion will result, _A wire net, filled with stone, anchored to the lower — 


of the structure, ] a preventing exe sive 


It would seam th that the flume in Fig be because 


nt of the critical depth eres be uncertain 


as well as , difficult to obtain because of the doubt as to its location. To | a 


discharge on ‘this one reading may n ‘not be even if 
: re the simple relation between discharge § and depth exists from theory The stru 
‘shown it in Fig. from a practical would be expensive 


upon. "Too much weigh: 


& the of its single gauge readin 
_ possibility, and in that case it is necessary to have amg = up- ‘stream and 


th 1roat- -gauge readings to determine the actual discharg 7 
type of flume shown i in Fig. 16¢ wi Il, in all probability, measure fe suc- 


measured accurately at ‘the critical depth. ‘Experiments would be 


verify the statement that this device is immune from ‘silting troubles. 


small fi flows it be expected that there would be an accumulation of 
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PLUME 


immediately. ups stream from, the hump, and as the velocity, increases, this 


deposit may | be washed out, thus changing. the velocity. 0 of approach, or ‘con- 


Practical formulas. of the type, just, di: 


wi 


point i 
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Ve 


s unknown, it is: not how. a formula of type, can 
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SIDE ¢ CHANNEL SPI LW AYS 


that ‘the hydraulic principles for the ‘design of side channel spillways 


a generally accepted, with only a sufficient spirit of misgiving to insure = . 


con inued s tudy of the problem. The and offered 


form: valuable: addition to the ‘paper. 
discussion by Mr. Muckleston| of rae’ rope”; an 


in regard to the effect of spiral flow, are interesting. i From the stat 


4 made it might be inferred that the spiraling of the water. around the axis of 


the channel, « caused by the initial transverse velocity, is likely to. increase 

volume 0 of flow materially. This probably should not ‘be ‘definitely 
without, proof. statements in regard to the retention of air. seem Teason- 

F able, @ and the ‘spiral flow probably does tend t to hold a part 0 of the entrained air ? 
the: stream. _ However, it, also promotes a rapid intermingling of particles, 


and tends to give a more nearly uniform axial velocity, at any ere ‘ 


wide shallow channel would show a poor , velocity distribution, which might 


_More » than offset the advantage resulting - from the ready release of air, i These _ 
LOVE if) & iit mols! ii 


spirals, or other equivalent trans-axial motions, are necessary for the tem- 


_ porary: stor ge of the non ~usable kinetic energy of the initial transverse motion, nd 


the spiral action | is. more uniformly distributed to all the water particles, ‘and 
is 


e up the bs back wall ‘of the channel, 
{ Om Fath") on 
tant and should be carefully considered in all Cod 
experimentation. attention should ‘be given to “velocity: swell” 


1 Jaboratory. tests in pipes. The fact that the mathematical 


he averaRe velocity, and not to ‘the mean ‘velocity, as 
ordinaril ly computed, ‘must be kept ‘constantly fn 


Wiley] also ‘advocates’ a wide’ shallow channel, ‘for teal 
VA @eép' gash through the foundation adjacent to the end. of the dam is without 


* Discussion of the paper by Julian Hinds, M. Am. Soc. C. B., 


t Engr., Bureau of Reclamation, Denver, Colo. 
§ Received by the Secretary, February 19, 1926. t 


Proceedings, Am. Soc. E., Dece ember, 1925, “Papers and Discussions. 2088.) 


Det, 


while it is eing converted into heat. In a compact channel it is ‘probable 4 that ‘a Ds 


less. Under normal operating. conditions there appears ‘to. be no 


EXPERIMENTAL DETERMINATION OF LOSSES 
— 
q 
lis Statements 
tements 
4 

ag dq 
— 


destruction the cha nnel lining. by uplift, Some advantage also result 

the lower velocities that prevail i in ‘a ‘wide ‘chan Ih addition | a 
thin’ ‘sheet. of s- 

charge a concentrated Aonsidered from, shri: point view /the chan- 


the protective m measures ‘necessary to o make a The 2 cost 4 
Tieton Dam, 


Apparently the used. by y for compu iting the hy 


ive results ‘essentially identical with those ‘obtained by the 
he wi list of side channel spillways given by Mr. Gutmann* is inter- “of 


The Don Pedro ‘Dam, i in ‘California, the Tieton, Dam, in Washington, cone 


bs 
and the McKay, Dam. now being constructed in in Oregon, are notable, ‘addi- Bon 


IG 


equal to aT onl a is in error, “is. 


od jon bivode yidsdow wolt Yo 

Mr. Houk and Mr. ‘Howell both offer alternative plans designed to escape 


losses. involved in| ‘the side ‘channel spillway. Mr. Howellt would use ‘a 


deep, narrow, spillway 3 notch, directed down stream, and controlled by alate 
~ Stoney gate. _ Mr. Howell 8 opinion that this is in all’. cases more economical — 


than a side channel type is doubtless justified, and the ad dvantages 0 Frc 
gate installation should be investigated ‘wherever that’ type of contro is con- 


ed adequate. writer would not consider a Stotiey gate spillway. bate 
ats ‘condition ‘of a high earth dam in a heavily timbered ‘région like’ that 


‘Mr. Houk’s | suggestion§ that ‘under favorable circumstances an vantage 
by curving t e ¢hannel i 8 believed e sound lowever, 
el will not » bu it by 

"providing a means ‘for reaction against, the e earth may make it to 


utilize the energy e transverse ve ocity. 


any 


ertain conditions. it, is, impossible, to, maintain. 


kinetic energy. and static head without, violating, either the, laws of, motign ; 


ie the law of conservation of energy. _ The situation is met by converting a part 


the kinetic energy into heat. This transfer can not occur itistantly, ‘arid 


Proceedings, Am. Soc. C. ‘January, 1926, Papers. and) Discussions, 107, 
a Loc. December, 1925, ‘Papers and Discussions, Py 2082... ‘ 
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 -HINDS ON SIDE. CHANNE 
condemned kinetic energy is stored temporarily in ‘motions, 


which disappear as the water “ ‘warms up.” are, thus, t the result 
rather: than the cause of the loss of head. ; 
near ‘the end of his: discussion 


‘water, or eddies, in 


nOF assumes.” 


‘th As pointed out in the pa paper, and in ‘several of the toned 


the 
of Newton’ 8 laws of motion. mathematical appligasion of the 


of motion. to the particles composing a ‘stream of. water is simple, but a physical — 


conception. of the resultant reactions difficult. Perhaps some simple 
‘illustrative device will be discovered before. the study. of impact losses is” 
Mr. Stevens’ statement. that his Equation (34)+ gives the eddy loss" ina 
sudden enlargement, is is. ‘not self-evident, and, so. far as the writer knows, has 
never rigidly proven. The so- called proofs usually given involve the 


assumption, or its equivalent, that the average unit pressure on the shoulder pe 
of the enlargement i is equal to the unit pressure } in the s1 smaller pipe. "The fact 


that “under certain conditions the ‘observed. and computed losses do not agree ae 


is in . all probability due to the inaccuracy — of this assumption, rather than to ef 


- In discussing the testing of impact losses in pipes, | Mr. Stevens proposes — 


to combine the impact and sudden enlargement problems. This is believed 


to be undesirable, Either problem alone is sufficiently difficult. Equation 
(21), and all others dependent thereon, are based on the assumption | that the 
"pressure ‘against ‘the shoulder of the enlargement is equal to the } pressure in 


“the incoming pipes, the strict correctness of which is not apparent. — It is 1 


believed that the enlargement should be eliminated from the tests, unless it is eo Y uly 
desired to extend the study to both these effects, which are distinct. is 
“believed ‘that the tests at Berkeley, Calif., mentioned by Mr. Stevens, ¢ con- 


and The interest shown in this ps paper is : gratifying. ‘Tt is hoped that other dis- “s 
| cussions of the problem will be prepared for publication after the results o = 
“laboratory tests now under way are made public. 


* Proceedings, Am. Soc. ‘February, 1926, Papers’ and Discussions, p. 823. 
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an angle ber n the eddies in a side channel spillway 
can perform the same function and all the energy of impact is not lost as “4 
‘rany secondary hydraulic problems in connection “with wide 
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tots the PERMISSIBLE CANAL vELocin 


iscussion* 


s. J. Stevens, ‘Carn Rouwer, Ivan E. Hovuk 


oO. M. ‘Am. Soo. 0. E. (by letter). 4+—The | authors deserve the | 


tes 
thanks of the Profession for their excellent paper. It summarizes 


However, a of be sounded against using such data 


blindly. 'thorou h snow of the conditions ‘to be’ met in design and of 


: | the materials encountered is essen ntial to ‘the proper interpretation | of such | 


guiding data, The authors have presented the results of their intimate know - 


edge and study ‘of this ‘subject as nearly a “fool-proof” form appears 
A possible. Nevertheless, the terms ‘ ‘non- -colloidal fine sands a “sandy loam and 


loam”, “colloidal silts”, ete., must give many engineers concern, The 


oO f 
of the chemist will be required in te 


ae It is obviously impossible to standardize soil “classifications so ‘that the 
various designations will have the same meaning for all "Broad experience will | 
a yet be a prime e esential i in order properly to, Anterpret and successfully to utilize 
Soo. E. (by. letter) I— —A_ knowledge of 
sible is. an n important factor i in the ‘design of irrigation 
; systems, particularly where the soil is easily eroded, or the canals ¢ carry a large 
quantity” of ‘suspended material. Where both conditions obtain’ the velocity 
must be carefully ¢ determined t to eliminate the possibility of erosion on none hand 
ahd sedimentation on the other. ti Fortunately, as pointed out. by the a a uthors, 4 
non-silting velocities a are not necessarily scouring velocities. 
An interesting example of a canal constructed under the conditions men- 
- tioned is shown in the view (Fig. 2), of the Fort Lyon. Supply. Qanal in the 
= Arkansas Valley near Rocky Ford, Colo. This canal is about 90 ft. wide, has 
a maximum capacity of 1500 sec-ft. y is excavated i in Fresno fine sandy loam, 
xq and carries a large quantity of sand and colloidal silt. ‘The silt, remains in 


K suspension in the canal bu t is deposited on the lands irrigated, amounting t to 


CoS ag Discussion of the paper by Samuel Fortier and Fred C. Scobey, Members, Am. Soc. C. E. ” 
co tinued from January, 1926, Proceedings. 


Hydr. Engr. (Stevens & Koon), Portland, Ore. net, 
t Received by the Secretary, December 19, 1925. 
Proceedings, Am. Soc. C. E., 1925, Papers and p. 1411 


| Associate Irrig. Engr., Div. of Agri. Eng., U. 8. Dept. of ee Colorado Experi- 
‘ment Station, Fort Collins, Colo. apt = 
elved by the Se Secretary, December 21, 1925. 
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R HWER 2 ON PERMISSIBLE CANAL V Vy 


ForT Lyon CANAL, NEAR Rocky Forp, Coxo., AvuGusT 13, (1924, 


Fra. 3.—SILT DEPosiT IN” ALONGSIDE Fort tron CANAL 
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Papers.) ROHWER ON PERMISSIBLE CANAL VELOCITIES 

as much | as in. ina single irrigation. The type of silt carried is by the 


view (Fig. 8) of the ‘material ‘deposited in a depression alongside | the canal. 


i Tables 9 and submitted Mr. D. of the State = 


‘Office, give the flow characteristics of the canal based on current meter measure- 


by “ments: and the gauge height record a at the rating flume near the head. The 
quantities given are for the conditions in the rating f flume, but they. may be 
assumed to apply to the canal proper | because tbe. rating section does not differ 


materially from. the canal : ‘olds 

at TABLE 9.—Discuarce MzasuREMENTS on Fort Lyon CanaL. 


oe > Gauge fa? Discharge, in|Mean velocity, velocity Vo* 
Date. height, in square feet. cubic feet | infeetper | “in fect’ 4 
_* Computed from the form la = d0.64, 


On. June 8, 1923, the depth i in the flume for the gauge height, 3.44 ft., ‘varied — 

2.02 to 3.44 ft., and on June 19, for a gauge height’ of 4.96 ft., from 4.90 
to: 5.00 ft. This shows that more than 1.25 ft.’ ‘were ‘scoured from some parts of 
the flume in that interval, and : as | the conditions in the canal are similar it is 


- reasonable to assume that scouring occurred there also. ¥ During this time, ae 


shown in Table 10, the gauge height did not materially exceed the values for 


which the discharge is given, therefore, ‘the velocities were probably never 


= higher than the maximum indicated in Table 


ite 


7 


values of the velocity, (Table 9), compu ted from Kennedy’ 


| formula, V, = 0. 84 d**4, in which, y, _is the critical velocity, in feet per — 


8 second, and d, the depth, in feet, of the canal, show that the mean velocity of the 


et was always greater than ‘the critical ‘velocity. This. indicates, as 


found, that the ten dency ‘was toward scouring rather than silting at the time. 
| Heat! the accumulation of sand shown in Fig. 2 indicates that at other Be 


times considerable sand is deposited, | but the established | regimen of the canal 


season to ‘season sand is scoured out as 


{ 
— 

a _ Under some conditions the sand‘ or bottom load ‘is deposited and under ot ers 
18 is scoured out. The characteristic appearance of the sand deposit is shown in me 

— 

he 

| 

} | 


4 E, (by, letter).+— —The 
several ideas. por ‘mony, (valuable. date, and the. authors. are to. ‘be con- 
-gratulated on She clear and comprehensive manner in they: have, handled 


pre data;t submitted by engineers in of projects, 


( = of greativalue in future designing work. The velocities to be permitted 
‘conale ‘primarily \Gepesidént ‘on’ the the 
which the canals are located, a condition which ‘is susceptible of almos 
‘infinite variation. Iti is believed that, with the present knowledge and avail- | 
data, detailed descriptions of the materials through’ which certain canals 


are 
"more valuable’ ‘than generalized as are given 

i It is not clear to: ‘the writer where there has been a any nibs Soe, ; 
fundamental error it in the work and discussions of other engineers, > 


ticularly ‘British irrigation ‘engineers who shave had and valuable 


perfectly logical to this.” Th designing a a canal to he located through 


extensive silt deposits ; it is important to adopt.’ velocities that will neither silt 
‘mor scour; and it is perfectly proper to consider such phenomena at the same 


time, even if they are fundamentally ‘different operations.. However, experi- q 


ae etal; determinations of non- -silting and eroding velocities are matters which 7 


undoubtedly should be considered separately, rs 


Tt is believed that the experiments, experience, researches, and discussions | 
many Eastern irrigation engineers, including Kennedy, Willcocks, : ‘Buckley, 
Parker, Bellasis, and. others, are well worthy of careful study by any one 
‘interested i in the problem. — Although their r experience may not agree exactly — 

3 with that of Western engineers, it should not be so briefly dismissed. (It is 

Cee believed that the difference between their experience and that of irrigation 
the United States is due to the differences: it in 
ie _ through which the canals are located, rather than. to any fallacy or fundamental . 
ee in ‘their conclusions. » Their studies and experiments, in some ‘eases ‘at 


may have been made on canals” where no colloidal silt ‘was present. 


‘There probably are many locations ir in the ‘United ‘States where Kennedy's 


laws are more applicable than the recommendations of. the authors. The 


writer knows of several power canals in the East where the velocities recom- : 

mended by the authors could not be permitted. 

: ‘also. be pointed out that the e ect of is not 
considered in the final’ recommendations of. ‘the ‘authors. Although the 


writer "has never ‘attempted to express his observations by formulaa, he has 


* Engr., 8. Bureau of Reclamation, Denver, Colo. 
Am. Soc. C. E., September, 1925, Papire't and Discussions, ‘pp. 1404-1407. 
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—SUMMARY OF Scour OBSERVATIONS IN 
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Clay, sand, and gravel, 
fs with some loose rock 
around abutments. 
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around 


Earth and gravel, with 
rock in river 


W 


with some broken) 
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east end of 
bridge and 
south 
_embankment. 


‘None in river 
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scouring a- 
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No evidence of 4 
No evidence of 
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scour, 
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| Alluvial soil. 
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broken Fook, | 


\Clay, and rock. 
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broken limestone bef Extensive scou 

around abutments. 
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some bed-rock in mid- 

dle of channel; 

Clay and gravel with 
gpome bed- in mid- 


No ‘of 


“Extensive scour. 
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HOUK ON PERMISSIBLE CANAL VELOCITIES 


‘observed and always considered, that’ higher velocities can be permitted in in 
deep channels than in shallow channels, as has been ‘maintained by many 
writers. On the Miami Valley flood prevention at “Dayton, Ohio, 


tion Ohio 
velocities as high. as 10 per sec. _were considered allowable as extreme 


_ maximum values in straight channels having gravel or cobble beds, where the 
depths were 20 ft., or 1 more, ma course, ‘such h high velocities could not be 


Trea ti 


permitted in ‘irrigation canals through similar materials, They would not 
have been considered on the Miami Valley work except as ‘ultimate possible | 


limits to occur only for a few hours’ ‘duration, but even under ‘such conditions i 
writer wou ald not: ‘consider t them safe for channels 5 ft. deep. 1 In curved 
: channels on ‘the e Miami Valley work concrete slab paving was placed on the 


outer banks, an nd flexible. -conerete block n mattresses on the bottom, 


the outer banks, wherever the mean velocity exceeded 6 ft. per sec.* 
aa the high- water surveys: of the 1913 flood in the Miami Valley, 


“velocities can 1 occur soils when the: “depths 
o great and the flow comparatively uniform, without causing appreciable scour. 
a Several instances were observed where mean velocities as high as 6 ft. per sec. 3 


ay 


occurred. over alluvial fields along the main channels, with mean depths of 
about 15 ft... without causing any noticeable erosion, Cornstalks ‘from the 
ae ‘preceding year’s ¢ crop were still in place after the flood had passed. In one 
instance a velocity estimated at i. 5 ft. sec. occurred over fields flooded to 
mean depth of 24.6 ft, where the flow conditions were ‘unusually. “uniform, 

without scour. Immediately below, where the velocities were 

be ao practically the same, but the flow ¢ conditions greatly disturbed, a new channel 
‘about 100 to 150 ft. wide and about 10 ft. deep, was eroded. material 
places consisted of an alluvial wil underla id ~ 


are 


valuable observations, together with | some later data obtained where the 


| “velocities were measured with a current meter, are given in Table 11. Velocities 


‘measured with a current meter are indicated by asterisks. 
oe i, _The observations on the Miami River cut- off channel, which make up the 


last. three items in Table il, are probably worth some ‘discussion. iz Fig. 43 ‘is a 


view of the cut- off looking t up » stream along the channel, from a point near ‘the 


a lower end. i ‘The material forming the bed and sides of the cross-section above 

a the place where the man is standing was clean sand and gravel; below, = 

é place it was a tenacious 5 yellow clay. Fig. 5 is a. close + view of the gravel, 
taken on the berm which appears: at the left of Fig. 4. The folding rule and 


engineer’ | seale indicate the sizes of the particles. Although 2 to 3-in. stones 


 * “Hydraulics of the Miami Flood Control Project,” by M. Woodward, Rechnical 
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— er the flood, they are not believed to be appreciably in error. The surveys ¥ i 
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were beneath the surface. This material to be fairly 
of the river-bed gravel found i in other parts of the Miami Valley. | ‘a 


When the first set of current- ‘meter measurements were taken, showing a 
velocity of 55 ft . per sec., the clay section was eroding 


whereas the gravel ‘Section was stable. _ The gravel seemed to be just on the — ; 
oint of moving, but no sand or - pebbles were being transported i in suspension — 


and no ‘movment along the bottom could. be detected. Fortunately, the clay 


section down stream from the gravel section so that the water above the 
was perfectly clear. When the second set of meter ‘measurements was 


j 
_ taken, four days after the ‘stable conditions had been changed by a slight rise 


oe in ‘the river, the mean ‘velocity was 6.1 ft. per sec., only 0.6 1 ft. per sec. greater; 
the gravel was being 1 rapidly eroded. Pebbles of considerable size were 


cores in near r the surface of the water, could be deter- 


n Fig. 8 indicate the total « cross- area eroded the four 


believes that the maxi- 
rag of 4.00 and 5.00 ft. per sec., , given in Table 6 for 
iting values to be used in straight channels where the beds care “coarse 


gravel” and ‘ ‘cobbles and shingles”, A respectively, and where the water is clear, 


could be nial to 5.0 and 5.5 ft. per sec., respectively, especially | since very” 


few canals designed for such velocities will be than 2 or 3 ft. deep. For, 


large canals, 10 or 15 ft. deep, the writer t believes that still higher velocities 


can sometimes be permitted, possibly 7 or 7. 5 ft. per sec. in emergencies. 


eally in a canal located ‘through materials, — 


nes; 
below, from further scour. 
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IN RESTRAINED AND CONTINUOUS ‘pith 


BY THE METHOD OF CONJUGATE POINTS Be 


Discussion* 


iderable simplification i in design. 
i Ih the past few years, in Europe, extensive attention has. been | given to is 
graphical solution of reinforced concrete frames. Among others, the books 


published by Strassner§ have treated this subject i in a ven; thorough and com- vf 


ee 


To those not familiar with German n literature, a short description of the i 


principles and methods 1 used by Strassner compared with those of the 


authors, “may. demonstrate the value of ‘the new applied 

a) The deflection of the at the supports is 

reaction the beam loaded by its Tmoment-area divided by 


oa, (2) The ordinates of the elastic line. are equal to the ‘bending ‘moment 
« the beam loaded by the moment: area divided by 

\ al using Ritter’ 8 graphical method of. finding the he points of infléction 


of the elastic line (of | unloaded spans), determines, by means of these points — 


and Mohr’ principles, the negative moments of the actual Toaded beam. ‘The 


be best illustrated by the following ex- 


with 


“indieate lines” which are assumed a 


ont Fig. 59: represents the resulting from a unit horizontal 
. at the upper left corner of the frame and is used for correcting the ‘ ‘prelim- 


inary” ‘moments and shears as shown « on Figs. 61 and 62, which are ‘self- 
"gr Bleue of the paper by L. H. Nishkian * D. B. Steinman, Members, Am. Soc. 
§ “Berechnung statisch unbestimmter Systeme,” I-II Methoden,” Ba. 


VA detailed demonstration of has given by Charles 8. Whitney, 
Proceedings, A Am. Cc. E. January, 1926, Papers Discussions, 
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ell 
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ae GUT MOMENTS I 


Point J, is jected to the md Point the ‘Then 
Line 1 i s drawn Lines i oj to the left, 


1 1s 
Lines 5 and 6 


to 


Y 


sy Fra. t 


shows how wt points of -inflection—fixed points—o rJ and K- points 


are obtained, After locating the V and U-lines at the third } points of the span 

and the 7’-line, as illustrated, Line 1is drawn at any angle. Then Lines 2, 3, 

10 are successively drawn in the order named, 


ere 


one: Due to the w unsymmetrical load conditions the shears, 8, and &,, obtained | 

from, the moments shown on Fig. 61; are not equal. For these conditions the 


frame would n not. be. in. equilibrium and a horizontal displacement, equal to 


 & (Fig. 58) would take place. Fig. 63 illustrates how Strassner corrects, by 


@ very simple : ‘method, these moments (as shown on Fig. 61), making thereby _ 


Bs ‘Draw any horizontal line, 1 Fig. 63). Then draw parallel ‘to Lines . M, 
and M, (see Fig. 61) Lines and Locate Point G perpendicular to 


and in the center of Line 1. Then 3. the new 
_ the column moment lines based on the conditic and S., 
are) equal. 


~ 
if 
a 
| = 
— 
— 
— a 


NUOUS 


at 


: 


ade 


Preliminary 
Moments 


Tt 


AND SHEA 


hae 


to Point A,’ and Point A, and Point A,’, intersecting the dotted 


4 


Then parallel to Line 2 (Fig. 63), Line in Fig. 64, passing 


in 
through Point ‘parallel: to Line 3 mex ig. 68), Line 3 in Fig. 64, 
passing through Point A, the condition 
In practical desi n, lone this correct method ‘of: f determining a 


and shears usually may be neglected. In this case the pr preliminary design as 
‘illustrated on Figs. 60, “61, and 62, may be. considered as being 

accurate. Comparing the authors’ method with that of -Strassner, it is clear 
= the new method leads more quickly, in many cases, to the desired — 


Fig. 65 shows the the frame illustrated in Fig. -16,* * as made 


ae to the. design of continuous ‘beams of six and eight spans and the moments 
been obtained in an short time.. 


ay 
> 
4 


T—Line 


The simple cientific methods, by the authors, 


more: uniform structural design throughout the United States. The ‘Present 


if arbitrary coefficients for the | design of continuous beams and frames i in con- 


by Strassner’s method. The authors’ method has been applied by ‘the writer J 


Bie lished by Strassner, for designing reinforced concrete frames should lead | to 


Departs * Proceedings, Am. Soc. C. E., October, 1925, Papers and Discussions, p. 1606. ae 
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ature come i in 


specified i in most of the building are and involve 
. Scientific design of a concrete 


sal, but aldo often safer. Numerous tests 


have plainly the fundamental assumptions of the science.* 


‘thy An interesting. comparative design between a 6- story reinforced concrete 


building i in Los Angeles, Calif. building as it would have been 
built San ‘Francisco, ‘Calif, has been made by ‘the writer, The ‘Building 


Code of. San Frandisso: gives the engineer the privilege of ‘Using 


"principles, specifying in’ Part VIII, “Design in General, Restrained Beam 


All continuous and restrained ‘slabs, beams, and shall be’ designed 
to resist, at all supports, the full moments and between all _ supports, 4 of é 


3 


the moments resulting from all spans ‘being : fully loaded. In no case, how- 
ever, shall the resisting moments between supports be less _ than bending © 


For the .building in 80 in. deep had to be u 


Angeles, whereas in San Francisco girders 24 in. deep v would have been i suffi ; 


nt to provide for the actual stresses. From the economic point,of.view 


‘a reduction. of 3 ft. in building height in this case, as well ; as greater safety q oa: 
and a material additional s saving in cost, justify plainly a thoroughly scientific as 


Be The writer believes that the authors’ method, or any other quick method, % 
is of primary importance for a sane and economic development of ‘reinforced 


ae construction. . The scientific value of the method merits the attention | 

university courses throughout the United States. agit 2 


Soo 
read this paper with much i nterest and i is pleased to note that ‘the Society 


has given free ‘scope to Papers like those Cecil Vivian ‘von 1 Abo, J un. 


Am, Soc. 0. ES Charles 'S. Whitney, Am. Soc. ©. and this one. 
‘or the 1 most part the ‘methods demonstrated i in these papers were invented 


= and ‘developed | from 30 to 60 years ago in Swi zerland, Austria, and Germany, — 


they. have become the working tools of structural Although 


they occupy Sible in Engl ‘space in 


OTe 
Inf 


“a unknown after facing some stern critics who boldly | pty co existence of sec- 


ondary stresses, do not agree that. a concrete. arch § should be treated as an if 


7. elastic structure, and would remedy continuous beams by replacing the elusive re : 


fixed ait that can be seen and inspected, and oiled 


also, “Vorlesungen liber Eisenbeton, by E. Probst. 


Received by the Secretary, January 14, 1926. to fie 


§ ‘Secondary Stresses in Bridges,” Proceedings, Am. Soc. C. E., September, 1924, Papers | 
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feels 


st and ore 


‘representing the methods demonstrated as analytical ded the 


. geometry, of. graphics again translated into graphics, whil e the simpler and 4 


Peeks clearer proof may be furnished by the geometry of the construction directly, 

in ‘most cases by, similar triangles or ratios. 


ar 
"The “conjugate points” of, the authors are readily recognized, by those a 


- acquainted with the literature on the subject, as the projections, Fr, of the 


fixed points, F, u ‘upon the M- polygon. The name and designation are new, 
8 and the derivation in reversed order—rather a retrograde step in regard to 
clearness in demonstrations as well as in application. The of 


Se points and lines in the body of the diagram i is confusing "(see Figs. 1. or 18,4 a 


instance), and in practical application the lines will ‘frequently ‘intersect 

angles. acute for | precise ‘determination of other points’ and lines” 
required. On the other hand a random construction for the fixed points out- _ 7 
side the body of the diagram obviates both these objections, a 7 


angles can be chosen at will. ‘ot od 


_ hee - Arbitrary coefficients i in building ordinances g giving ‘moments 50% grea eater 


or less than the true moments edur’ uniformly distributed loads are not. altogether 


vary zero the: maximum , upsetting all fine- spun computations 
uniform loading on continuous beams and slabs. ‘The sharp peak moments 


over concrete columns, and piers could be safely rounded off parabolically to 


one-half within 1 the width” of the column (because these supports are ¢ dis- 
tributed and not “mife-edges), Ww ile the moments at mids -span ‘should ‘be a 
d against unbalanced loads. 
/_ Although the more laborious. means of influence lines show most clearly 


“how the live load on. continuous beams must be distributed for maximum 
= moment at any point, the next best method, and one very appropriate for more — 


important work i in building construction, is to determine the moments with the 
x load on one spa an only, and add | the results, either graphically or arithmetically. f cs be 
‘This can be done by very simple methods—simple i in demonstration as well as es 


in application, with little tax on the memory. In the belief that a presentation 


aA 


of these methods will shed more light on the important elements and characs  — 

ae. teristics of the’ whole ‘subject, the writer offers the following ¢ contribution as a 7 Pi te 

_ supplement to the he paper, , and, incidentally only, makes his demonstration beat ] 4 a 

out his critical contention. Some ‘repetition on will be e unavoidable. 


Weights:—As « an introduction jit seems. pertinent, to discuss 


briefly the subject of “elastic weights”: yd 2. ont 


Am. Bee, October, 1925, Papers and Discussions, p. 1600, 
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hod of doing a certain thing’ e person, and a 
shortest. method of ; f course for any on 
— about, be it graphical, ans anethada for many problems 
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Then maximum bending moment , carised by | a ‘load, W, is directly 
tional to W and to the distance, at ‘which Ww acters 


The maximum deflection, D, cansed by a bending moment, M, is directly 


‘Seleoiaiehaa to M and to the « distance, ‘lL, at which M acts, and inversely p prop or- es 


_ tional to the stiffness, FT, of the structural member under consideration. ips 


From this analogy —lWandD=!1 ‘The term, Er is called the 


elastic weight, and deflections and deflection diagrams are, dete ormined, 


: _ and ‘moment diagrams) by u using the moment area as a load area and 3 
dividing by EI hin Assume a force diag ram and an ‘equilibrium polygon con- 


structed wi with a pole distance equal to then D at any is the intercept 
the e equilibrium polygon at that 
In general {Using the load area, 


* ratte 


and v using the ‘monheht’d area as a load area, 


4 In order to gain a a working acquaintance with the fundamental idea of . 


elastic weights, deflection formulas may be ‘derived by its u for the follow- 


. 
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Cantilever r with a load, W, at tthe end ig ig. 66 ow 


Maximum deflec ion 
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antilever with a load, WwW, uniformly distributed (F 


ade 

> Simple beam with a load, W, at the center (Fig. 66 (c)):_ 
vi 


: One-half the moment area = 


Simple beam with a load, W, “uniformly (Fig. 6¢ 66 @): 


aximum ‘deflection 
= few problems now to be solved may readily be e extended to continuous — 
beams of any of these problems will introduce 


and 


reason. 


we 


4 the span, 1,, carries no required the moment, _M, over support. abe. 
Without knowing the value of M, the form of the moment diagram 


pat 


ae known, because it must consist of the moment diagram, A ND, for a simple — 
beam, A B, minus the moment triangle, ADC, 4d ue to the reaction, B. The 
3 ie resulting ‘moment diagram would be the load area for ‘a deflection polygon. 7 
st For ‘the problem under « consideration it will be ‘sufficient to know of such deflec- 
he tion polygon only the tangents at the supports, the ‘ “pier tangents”. For 

determining these tangents the load area, Fig. 67 (a), i is considered to be com- 4 


posed of three parts, the area, A ND = Wy termed the “ ‘simple moment 


area”, and the triangles, ABD= Ww, po CBD=  W,. These 1 three areas 


used ai as elastic weights acting at the gravity lines of the ‘areas, The first 
is positive, causing downward bending, and the other two are negative, causing 


upward bending. ‘The numerical value of Wi, the simple moment area, may be 
computed, and it is seen ratio of a and W, ‘remains constant what- 
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DOERFLIN MOMENTS IN “CONTINUOUS BEAMS 
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The lines of action of and ‘tte verticals, distant 3 and from 
the axes” of the | piers, the “pier verticals”, and hence termed the “third 


ans 


+ verticals”, The wi W and Ws. is a distance from 


and designate it by R, as in Fig. 67 (b), which an 
of W,, W,, and We ‘Supposing that the beam under bending is held to the ie 
Supports, this polygon is obtained, as follows: dguond? 
oe ‘The pier tangent to Ci is drawn at random and from the point where itin- 
tersects” W, the | pier tangent to Bis drawn intersecting W, + The third line 


equilibrium polygon mus ect the ‘first: Tine | on the 
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pier tangent to A is the otice the fact 


i. - ‘dat the third line, E W, W,, is found entirely independently of W,. Another 


ae fundamental importance is | that this third line intersects oe axis of 


the beam at fixed-point, F, no: matter in what direction the first line was: 


drawn. ‘This i is readily seen by referring to Fig. 67 (c) which shows that for 


any number of random lines through C the intercepts of such first lines and all 
Er following lines on any of the verticals are proportional to each other, hence, x 

all third 1 lines must ‘go through F fixed point, dependent only on the ratio 
of the spans to each other, but independent of the loads. | 
the equilibrium ‘polygon, Fig. 67 (0), inversely to the 


values of W, and WwW, Then, as —, = = 


Beam. th the application of és ‘problem just 


a 
and (d). Notice that the ¢ shaded parts of ‘hohe, two r elated dia a | 


showing an equilibrium triangle, A W, D, derived ‘from this 
triangle and drawn though would cut off the correct value of M on the 
pier vertical. Fig. 68 shows this construction for | a concentrated load on 
the: first span, and ‘Fig. 68 (b) for a uniformly distributed load on oll 
- span. . The fixed point, F, is located as before, but by. a separate construction, 
and the equilibrium triangles are drawn this time on A B as a base. | Hence, ¢ 
A a _ straight line from A through ” (the vertical ‘projection of Fon on the Te 
librium polygon) will eut off the correct, value’ of M on the pier vertical 


1, R, hence its position is given a load 

— of. .tk 
— 
x 
pom 
vay 
s, 4 and 3, of 
3, parallel to the lines, 
the pole thus located, thé-raye, and 1’, 
the equilibrium polygon, pouting off on the load line the num 
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the 
ig] 
— 
4 
— 
— 
a | 

— 
— B. 
— 
— vo D ad velore, 


DOBRFLING ON ‘MOMENTS IN CONTINOUS BEAMS 


From Fig. 68 (b) ‘it will be readily seen that ‘distributed 
a on ‘one span the peak of the equilibrium triangle ¢ coincides with the apex s 


& of the. parabola for uniform load, 80 that, for this case the ‘moment diagram i 


ae may be drawn at once as indicated, without the use of the force triangle. 


, 
‘to 
ik 


at. 
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—Pier Depression— 
of the pier moment, M, am toa an ‘actual or assumed depression of the m 
. pet _ Consider the beam devoid o of all loads including its own weight, i. 
to the piers, while the support, lowered ‘in. Without knowing 
he value of M caused by such a depression, the form of the moment diagram 
is known, for i it must be a triangle, ADC, as indicated. Each half of the total ‘S - 


triangle i is used as an elastic weight for fe ‘tangents, 


Draw the “third vertical” and the ‘ ‘resulting vertical” R, ‘as before con- 
struct the equilibrium due to and We Since the polygon must q 

pass through the contact points of the three supports, while its first. and third oF a 


| 


4 lines must intersect on the resultant vertical, only one such polygon i is possible. y 
It may be drawn by, trial or constructed by. using the fixed point, F, and its 
projection, . ofe either one or both Spans as indicated. ‘Now, if the depression, 


BY, was. plotted to, full size (hi in this case), and the spans to a scale of 


pole distance of ‘the force ‘diagram to be constructed from thé: 


1m, 
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DORRELING 0 N MOMENTS IN CONTINUOUS BEAMS 

polygon is known; it must equal in order to tocorrespond full-s 


m 


_ deflections, . Laying off this « distance to any convenient ‘soa from 


a the intercept of these rays on the vertical will the 
load line, giving the correct values of W, and W,, from which, M = Tyne and 
the check value, M= = , may | be computed. of Assuming numerical values of 


=&EI I, Le and 1, as given in . Fig. 69, the pole distance » will equal 125 000 in- tons, 


giving W, ana W, equal, respectively, to 84 000 and 63 000 in-tons, and, hence, — 


x 63 000 467 intone fine thie’ 


67 in-tons 


yo 


‘tout 


— 


ond, digiow ix 


‘Fic. 69 —Two-SpaN BEAM WITH 


The problem may be solved otherwise by considering that the force at Bo 
- which will deflect the simple beam, A CG, 4 in. equals the reaction due to i” 
-Three-Span Beam, Mid-Span Loaded. it be required to determine 


t ts, M’ and Mf”, Fig. 70 (a), when the mid- span only 48 loaded. 


snowing the moments, the form of the moment ‘diagram is known, 


must consist the ‘ moment area” for the mid- -span ‘plug 


t 


a moment triangle for each dad's span, as ‘shown. In drawing the equilibrium — 

polygon of the pier ‘tangents consider the moment load “are ea 
e 


furnishing the five. elastic weights, “Wil, and W,. ‘The simpl 


moment area, Wy i is a known, or may be e computed ; it causes downward bending. 


and 
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‘The other elast weighta are unknown because M’ and M ” are unknown, 


but since they are areas of triangles their. lines of action must be at the “third 
verticals” and it is self-evident that they cause upward ben ding as indicated. — 
wat 


TRE 


1 


ors 


&t 


ana logous to Fig. 67 (0), draw the first ‘pier tangent of Fig. 70 
random, and | from the point where it intersects: W, , draw the second pier 


tangent through the second support to the point where it intersects” W,’. 
‘third line of the equilibrium polygon must. go through the point just — 


2 


ill 


* 


Ss 


— 


and since it must also intersect the first line on the “ ‘resultant vertical”, ey 
its position is given 1 regardless of the value, W,. A reference to Fig. 67 © ei 
ing the important characteristic of the third line, | namely, that it will 
a pass through haf fixed ed point, F, of tl the beam axis no matter in what d direction 
the first line was drawn. if Now, locate the other fixed point of the span, - by a e a, 
separate random construction, as in Fig. 68 (b), and complete Fig. 70 oo ! 
From the equilibrium polygon just drawn : a force diagram i is constructed, ‘Fig. 
70 0 (c), by drawing six rays parallel to the corresponding six lines of the 


p polygon. he Woy i is known, the v the ong 


= 


For the practical application of this problem note from the similarity 

ey shaded triangles of the equilibrium polygon and the force diagram that 
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constructing a force triangle as for Fig. 68 (a) with 1, on a load i line % 
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19 {to Yo on Fic. .—THREE-SPAN BEAM WITH edi 
Untrorm Loap ‘ON Mip- SPAN. arta 
For a unifo ifort distributed load on mid-span’ 


4 
{ti 


d-span the triangle is ‘not 
“required, for, to ‘Fig. 68 (b), the two lines of thé’ 


ao. intersect at the apex of the parabola for uniform load, giving Fig. 


Indeed, the of the problem, hamely, to determine M’ and M”, may 
be made still more general and more simple, giving the same construction for” q 
either concentrated or uniformly distributed loading on the mid- span, and 


ae requiring no force triangle, by considering the following relation of alee a 


aren, Wy As of bee eyinp it 
ij 
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Matt aners pe 
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gon drawn through the f fixed 
values of M’and M” onthe pier verticals, 
a 1 this, the simple construction of Fig. q 
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DOERFLI ING ON MOMENTS IN. ,QONTINDOUB 


‘The cut-off on the. other ventichl in with this is BB = The 


lines, , A B’ and B A’, are termed the cross-lines. 4 
BS he Sum Total of the Foregoing Demonstrations.—To determine > M’ anc 


for any loading o: on n the mid-span, draw the ‘ ‘cross- -lines” cutting the pier 
veiticals at points distant % “and a” A and B,  Fespectively ; 
two fixe ed points, F, downward on these the straight line, 


F, will cut off ‘the values of M’ and M” on the pier verticals 
4 7.—Three- -Span Beam, Hind ‘Span Loaded. —Fi 12 (a), (b), and (ce), anal- 
to Figs. 70 (a), (b), and (c), illustrate the method for finding the pier 


moments, and for loads. on one end ‘span. All these di diagrams of course 


are drawn on the assumption that. ‘the structure subjected t to deformation 


held to its supports. Again, without knowing the value of and. 
form of the moment diagram must be as illustrated in Fig. 2 @. ‘The 


‘reaction at "is downward, for the beam woul rise from th the ‘support: if not 
held to it. _The elastic weight, Woy the simple beam area, is s known, and the 


Bek 


gaily odd 
ad 


of 


Fic, __THRER- Beam, END Sen. LoADRD, th. 
Tg gal ‘edit ot ab gol babsol odd tol an Bo 
F fh constructing: the equilibrium polygon of, the pier tangents begin at the 


a Loe 


right, support and, draw. the first line at. random. rom the point where ‘it 
W, draw the tine the ‘Support to an intersection with 


— 
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dar areas, must act at the “third verticals”, as | 
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DOERFLING ‘MOMENTS BE 


‘third line is now given, for i 
es “resultant vertical”, R, and from the point where this third line intersects wy “i 


"another pier tangent is drawn to intersect W, is) Since the fifth and third ion ; 


must intersect the resultant vertical of W, ‘an Wes . the fifth line is now given, 
and from the point where it intersects Ww, the last pier tangent is drawn, com- 


to distinguish them from the pier traverse fixed points, F, for 


7A 
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Hotton 
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the ‘polygon. to ig. or the fact will 
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73.—THREE-SPAN BEAM LoaDs on END 


Fig. 72 the force diagram, Fig. 72 (ce), is now derived draw- 


ing its six rays parallel to the corresponding six lines _ of the equilibrium — 


polygon, giving as vertical intercepts the values of Wy, 2" and 
to the seale of in turn, yield the values 


y; to ‘the more genera 


3-1} 


thod of cross- Hines, 


1 me 


has | een shown the cut-off by a medial line of the ‘oa 


Its is further 
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DOERFLING on MOMENTS 


to the two triangles on W,’ ? and on 


4 ie - moments decrease heinss the loaded span toward each end of the structure, 

_ the point, F, through which the moment line passes is necessarily always the 
o. 4 second one in ‘that direction. _ Hence, referring again to Fig. 73 (a), it is 


necessary to determine Mu’, for” the moment line ne from that point to 
end must. pass through the fixed points, F. end support 


It is ‘self- evident. that this ‘Teasoning applies to continuous beams of 


number of. ‘supports. If the loaded span | is not an end span it is only neces-— 


to ‘determine the two | pier moments to the right and left of the loaded 
“eross- -lines” and complete the ‘moment diagram by te re- 


Fig. 


moment lines through the fixed point, As glance . 67 (b) a 


g. 68 (bd), and an examination of Fig. 72 (b) will show a 


ceustobiion | like Fig. 73 (b), ‘the fix fixed points, F, may be located for a any num- 


ber of spans. . In Fig. 73 (b), proceeding from left to right, the full lines locate a 
the points, F,, and, from the other direction, the dotted lines locate the points, a 


F,. . For equal spans, ‘the resultant verticals coincide, of. course, with the pier 

Continuous . Beam ms of Number of Spans.— To pecapitalate 

show the general procedure for continuous beams of any number oe, bas 

equal or unequal, a a beam of five equal spans (Fig. 4) is chosen for sim- 
licity of illustration. First, the fixed points should be located by a a | separate 


Pp 
Deere Fig. 74 (a). The M- polygons : are then drawn for loads on one 


+ 


~ span only; Fig. 74 (b) shows this for the second span, and the full lines of 


‘ig. 74 (c) for the first span. The dotted lines of Fig. 74 (c) show the com- 


moment diagram for which the M- line, A DE is obtained 


adding the pier” moments for span 1 loading but it should noted 
that the moments for partial loading may be greater, will be seen ne 
that the maximum ‘moment for any span occurs when this span and the alter- oa 
' nate: ‘spans on n either side of it are loaded; and the maximum moment for any 
pier occurs when the spans to the right and left of the pier and the alternate 
Bn: Suppose the ‘simple moment diagrams were constructed | by. means ¢ of force 7. 
diagrams, Fig 74 (d); then lines through the poles of these force diagrams, 
to the corresponding lines of M- polygon, ABC’ D E’F, will 
off ‘the “reactions, A BCDEF, ‘on the load line as shown. Having the 
- reactions, the shear diagram, Fig. 74 (e), can be obtained. If it is desired 
to refer all moments to a horizontal base line, Fig. 74 (f), the diagram may 
be constructed by using the poles, 0’, of Fi ig. 74 (d). ‘This would afford an 
acute check on the : accuracy of the whole work. ait 
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DOKRELING 0 BEAMS 


for maximum moments over a, radius of two 
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“Fie. 14 TYPICAL ConsTRUCTIONS | FOR | BEAMS OF . ANY OF Spans. 
-etentotin oft tig of? to thol baw enace odd tithe iw 

:10.—One-Span Fixed Ends. ~The methods, demonstrated may be 
i most simple case, the. one span beam, fixed at. both 
ends, To o obtain 1 the moments, draw. the equilibrium, polygon of end tangents 


Big. 75, (a)),, and from it the force diagram, which, in turn, will yield the 
moments, Mf, and M,, analogous to Fig. 67 (0). . Since, the “medial lines” 


Se or the fixed points, these latter are seen t to be distant ‘fen 


ents for one. 
igs. 14 (0) and (c) tha 
_ It will be s 
— — Pad 
— pare bol ft as 
— 
| 
offi 
— 
¥ 
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ing. For the simple case of a uniformly distributed Toad, p per r ft, no ¢ con- 


struction ‘Simple: moment is hence, the parabolic area 


a moment or -Span of —— as in Fig. 75 (c 
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—Consi derat ion of Variable Mom nent of In I varies from span 


the same except for the location’ of the resultant vaitiuals” the “T- lines” o of the 


nore, as' explained by 15*, or by as. will be treated’ 


more involved in practical application. weights, 


October, 1925, Papers and Discussions p. 1604. 


> 


= 
— 
— 
A 
| 
— 
| | 
4 
— 
vd iy 
= 
| 
he Fi 
‘The procedure for the case of variable moments of inertia throughout, 


DOERFLING | ON MOMENTS IN CONTINUOUS 


to — but in order to avoid — 


small fractional figures, and to sale all reduction factors near equal | to * 


for convenience in application, | the elastic weights are made —— 


constant equal to the greatest, ‘the: smallest, or or any average occurring 
frequently. ‘Hence, all ordinates of the simple moment areas as well as of the 


triangular M-areas must be multiplied by — in order to obtain the “ modified” 

clastic load areas. ‘Then | the gravity lines of these new areas must be deter-— 


‘mined, being the lines of action of the new elastic ¢ weights, Wy, Wi, W,, , etc. 


‘that the third lines, being no louger gravity lines of triangles, have shifted 


now located as using new lines, the of the 
_ procedure is the same as for beams of uniform | ees ie 


bin dakting? If the value of I for a continuous beam is varied without 


by changing the reinforcement or adding cover- plates, the ‘error in 


~ moments is not more then 6%, while the error in shear and reactions is still 


less. By using a little care in selecting a fair average value of as au 
the errors will be very small indeed. small settlement of a support, or 
small unavoidable errors in fitting the ‘supports to unstrained shape 


of a a continuous steel girder, ‘may cause errors much greater ‘than those just. 

“Again, as to ‘the e applicability elastic 2 theory to steel structures there 


a9 is no question ; the measured deflections agree well with those determined by 
theory, and almost exactly if the | shear deformation is taken into consider- 
5 _ ation. In concrete structures, however, Ei also is a variable quantity, vary- 
aS ing within wide limits, not only with the amount of stress, but even with the 
sense of stress (tension and compression) and with the ag age e and composition 
~ of the concrete. In concrete arches the variation is much less than in beams, 
= because the amount. of stress is fairly uniform and of one ‘sense, the bending 
moments alter the compressive stresses, and tension is practically absent, 
in concrete beams the stress varies f ‘zero to a maximum 
or minus. In in trying 6 to find an answer to the question of ‘ “what i is the E and I 
that will yield a deflection within reasonable 


_ agreement with the measured deflection” ”, a great refinement i in the analysis | of 


reinforced concrete beams and slabs must, seem illusory. ais 


—Another Method of. Constructing the M- Polygon—A_ practical and 
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mn (Fig. 76 ome mail 


equation”. Drawing now ‘ae line, m 


= means of these -intercepts on’ ‘fhe’ 

a the fixed points, F, the pier moment polygon may be drawn for any lian 

whatever, a as illustrated by Fig. 76 _ First plot the values, R,, R 


draw the auxiliary polygon, F, , PY, F, if FY, ; and F,, ‘each line through 
the: top of each R-ordinate until it the. through: the fixed 


point, The intersections, F,’,, Py, ete, are ‘Points of the 
moment. and the last line, is; at, ¢ once a Tine of such polygon 


= and will cut off the moment, M ie 
Tin e polygon traced backwardly through the points, F’, 5 


ment ‘polygon as Shi oh 


| 


4, 
i 


i . n acute check on the accuracy of the drawing may be obtained by repeat- ag 


“ing ‘the « construction in the ‘opposite irection, using the same R- -intercepts, 


but the second fixed points in each span, (not. shown), beginning the a 


fe 


rot to glace ait of {x Hi gisw 
For a uniformly distributed load, p, per linear foot, the simple moment | 


area = — p p and its reaction at the pier = Hence, 


‘the load term of the three- ‘moment equation for Pier 2, since sides of the 


vi 


October, 1925, and Discussions, 1595 


pers] DOERFLING ON ‘MOMENTS CONTINUOUS BRAMS 
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or a pier depression, dy, the reaction. is, bsol bs al 
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18. Application to Secondary Stresses—The basis of the subject of sec- 
ondary stress is the deformation of a the three ‘sides 
: @ of a triangle, Fig. 77, change their lengths, a, 6, and c, by the amounts; Za, 


the unit strain. ete. , equals the unit stress, — 


1a 


sq This equation is readily remembered by noting its law 
Kt” 
for each angle | of a triangle the equation. is the sum of two terms, ah the 


be unit stress in the opposite side minus that in the adjacent side, times the | 


% _ Steere of 1 the included angle. The check for each triangle. is Ja Ma 


Let ‘Fig. 78 (a) represent a truss having a top chord of continuous 


struction ‘between the pins, ands 5. Considering chord deformation only, the 
- problem is simplified by regarding the top chord as a continuous beam on ‘the | 


points as ‘supports. The moment reaction for any panel point (its elas: 


tie ma is equal to its angle of ‘deformation; hence, for Panel Point 2: 
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numerical values, and introducing the abbreviation 


ton 


is' seen to the equation, in thi 


load’ term, N, A Hence by Equation (92), om Diods tewol 
bY, 1 


o 4 Yor. 


divide 
and is typical for all such cases where the two end moments are zero .. For a 


symmetrical structure symmetrically the polygon will appear in 


and beginning the F polygon at Point 


p) ‘L at Levit 


ds 


anc at a from: Fig 18 @), that the intercepts, J alone 


‘give a fair “approximation ‘of thé moments, My My My ete, | entirely suffi- 
for a ‘practical estimate of the to be expected. 
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= the depth ¢ of any member as small. as practicable, consistent other 
4.—Circumferential, Chords of. Trusses.—If for a circumferential upper 
lower chord no moment is zero but the structure i is symmetrical, the deter- 
a of the panel- point moments does - not differ greatly from the problem | . 3 
just demonstrated. he following three cases will cover such problems: 
—The axis of symmetry contains no panel point, Fig. 19 
—The axis of symmetry contains two panel points, Fig. 79 (b); ‘and, A 


axis of symmetry contains one panel point, Fig. 79 (c). 
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il 
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Case I L. —The enumeration of the panel points for the auxiliary. continuous — 
am is g given i in Fi ig. 1 9 (a) . The three- moment equation for the — 


Similarly, the three-moment equation for M M,, and M oF ‘theiseventh equa- 


an 


f Equations (94) and (95) show that the auxiliary continuous beam, 0-8, has © 


freely supported ends, because the two end terms, M,1,/ and M, I 3) Tespectively, | 
vanished from. these two equations. Hence, the polygon will be anal- 


“ogous to Fig. 18 (1 b) except that the first and last ‘spans are, respectively : 
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3 Case I1.—The three- moment equation for: Ois: 


ee If now Fi ‘ig. 80 represents the moment a desired, its intercepts, Fr, , 


on the first and last “third verticals” are 


Hence, two points, F of the M-pol gon are known, and it is shown at. once 
that the! two points, wy 4 are the first and last fixed points of the — 


beam,’ 0 6. with these fixed points, all other fixed points’ “may 
located as before, allowitig” the auxiliary F’-polygon to be drawn, as in 
78 (b), and, in turn, the M-polygon desired, 


p} 


your 
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Fie. 80. M-POLYGON FOR CASE 2, Fia. 79(0). 
the wading the spate the 
Note,) incidentally, the additional proof, furnished, that for : a continu ous 


i is evidently a combination of Cases I and II. _ The, auxil- 

_iary continuous, beam is freely supported at Point 0, corresponding. to Fi 

8 (db), , while the other end, at Point, 7 is fixed, corresponding to Fig. 80,. _ Hene 


DOERFLING ON MOMENTS IN CONTINUOUS BEAMS 
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spans, ‘ag practicable, gon 
and its 
For a | complete determination of secondary stresses, including web members, 2 
1ethods similar to ‘the one just demonstrated could be used by considering 


te the three ‘members of each ‘structural triangle : a continuous beam on four ‘sup- 


“ports, the first coinciding with the last, but such methods become cumber- 


some, the computation of secondary stresses by by, the method of normal 


uations* is su rior for such cases, 
General. —In conclusion, the writer “wishes to add a words regarding 


‘The whole subject can mn be demonstrated, in an elementary “within: 
1 application, with little tax on the memory, that is, 
with few e elements asa base; namely, similar triangles, force’ diagram, and 
var 
equilibrium polygon, the elastic Maxwells “theorem of 
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) 


Le - This statement will seem less radical when it is considered that in con- 


re 


structing an influence line (a line of deflection) one has determined the, numer- 


ical values of strings of, differentials; ; in "determining the area of a graph 


one has’ similarly performed ‘numerical integration. The. whole process 
4 


re eally graphical differentiation and integration, vastly clearer and more tan-— 


Aig) gible ‘than the analytical process, within the ‘sealing accuracy of the drawing, 

of course. If more accuracy is required the ordinates of any influence line 

. a may be computed by continued add addition of elastic panel shear, ix in the same 
e sim le way as in n determining bending moments by « continued addition of | 


ae Much time, | and | clearness in demonstration could be gained by treating — 


— 


9 


ej EP 


@ 


"reinforced concrete structures, solid steel web structures, and framed struc: 
tures ‘of one type under one heading. — The analysis i is the same for all three, 
except the small differenee in weights and the accu- 


Kt A) 


et 


Moo. ‘Asoo. M. Au. Soo. ©. (by letter). prac- 


A 


and indeterminate frames is now rather ‘conspicuous by 
reason of ite) limited use by the profession in general. It ‘is the exception ; 


aS 
p=) 


than the rule for the average designing engineer to ‘make a complete 

and proper stress analysis of ‘statically indetermina te problems, particularly 


 * “Secondary Stresses in Bridges, by Cecil Vivian von Abo, Jun. Am, Soc. C. 
_ Proceedings, Am. Soc. C. E., September, 1924, Papers and Discussions, Dp. — 


+ Received by tt the 24, 1925, 
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BEANFIELD ON MOMENTS IN" CONTINUOUS BEAMS! 
Die pera teoment ov iatheetion. betwee 
ime reinforced conerete construction, due. to the and 


‘some’ analytical methods, and to the difficulties of obtaining a. proper check. 
Ip general, if | engineers had a more practical working knowledge of graphical 
analysis: applied ‘to statically indeterminate. structures, as suggested by the 
sf they would ‘have confidence in in safer more’ 


and is simpler than that of the authors. Ritter’ 
jeal analysis seems to be. little known or understood by American ‘engineers, 
it possibly due to the fact ¢ ‘that a proper translation into » English has never been 
ublished, ‘Prior to discussing the advantages: of Ritter’s graphical method, 


a complete | “graphi ical solution by that method _ using the example 


and their notations wherever possible, will be given. 
Construct the | R> U, V, T-lines and the simple thomesit diagrams of 

for the var arious ‘spans as described by the authors. | (Fig. 81.(b) and (a), 

In Fig. ‘81 from d draw any straight line that 


will: cut the or trisecant line and the first or third line in the 
points and fr respectively. Draw 1 the straight Tine, e Ry which, prolonged, 


will eel the U-line in the second span in the ‘point, g . Join 9 gt f by a 
straight line intersecting the base line in the point, called a fixed, point 
Starting from the fixed » Tepeat eat the same process, thus 

fixed point, in the third span, The fixed points, and 


= found i in a simila ar manner starting ky, Fig. ‘Draw 


2 


for the second span. Starting ‘from construction, 


‘fixed point, k,, can be obtained. The ‘proof of this will be given n subsequently, 


fi ts. t vertical locating and k-points in 


In case of a symmetrical arrangement of spans relative to the center of _ 


i the continuous girder, the fixed points are located symmetrically relative to the ae: he 
enter of, the continuous: girder. It should. be noted that position of, 
he fixed points is dependent. only on the: relation of ‘the, spars to each other, 


and not in any, way on the loading of the Spans. After fixed points are. 

‘sidering only. one span to be loaded at a time, usually the. left: hand span. 
“algebraic summation of the moments (intercepts) att the « supports | due..to. the, = 

eparate loads will give the resultant. moments due to the entire. system, of, Sg 


loads;on the continuous: girder, he final closing line is drawn through these, 


points, or) final intercepts at. the supports,. OTK 


_ The bending moments for a uniformly loaded span in a continuous girder 


1” by W. Ritter, 1900, 
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the point, othe’ “apex of the with the suppo 


Boy, ‘te 


SN 


iw 


| 
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be given “Lay on the hone’ line’ on’ ‘each: 
side of the load. ‘From the points thus found draw lines through the vertex, 


of the simple-beam moment area, These’ lines: intersect the support 


Petpendieulars én in b” and c”. From the points, and draw lines to ¢ and 
respectively. The respective intersections « of and be” with verticals 


through the fixed points, é, and k,, are points on the closing lines, which, 


extended, intersect the verticals through the supports’ at b, and ¢,. The inter- 
cepts, bb, and cc,, are the moments measured to the scale of moments, at the 
supports. The moment closing line for the load, P, is extended from to a 


& 


| and from c, ‘through the fixed point, k, to dy and ‘eontinned! toe. The menhent 


line indicates the moment. teffects, on the other the concen- 


ff ae: k-lines) give the points, ¢,’ and k,’, which are points in the closing line a 7 d 
moment area of the girder. (See Fig. 82 (a) and (b).) When more’ than one 
7) | span is loaded, treat each span separately and summarize the results, = 
| 
— 
Vac 
q 
a q Nuy th 
— | 
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= ky , and the support. From this it follows that in a middle. as a 
as moves from left to ‘Tight the inflection points, 7 and k, in the bending 


move in. the same but. always remain insid the loaded 
‘span, 2 and outside the, fixed distance, 


me the combined effects of loads 
= to Fig. 81 (a) (the authors’ example) which i is. a continuous girder with 
freely supported ends, 5 From similar | r construction to that shown in Fig. 83, = 
for a single concentrated load draw the closing lines, R, #1, and R, k’2, 
hich’ intersect the vertical through the support, a with eB ei or inter- 
cepts, B, -1, and R.-2, respectively, measured to) the rae of moments. | 

ntercepts measure the moments at the ‘supports | due to Loads 1 and 2, respec- 
tively. The ‘summation of these intercepts or segments, “equals the segment, 
its +2. Through: 2 on Ry produce a line pouting: 


fix 


‘ 


wh 


= 
° 


5° 


uals the moment, measured to scale of due to Loads 1 aid 2 at 
ws... closing line for the uniform load on the second span is 8, 7” i” 3. if 
The , segments, R -38 and R,-3, are the moments at these ‘supports induced by ce 


Similarly, the concentrated load, 4, produces moments at R, equal to. 
segment, and at equal to the segment, -4, ‘respectively. All seg- 


ments aleve, the base line, R, Ry) are ‘positive and those below are “negative. 
An. algebraic summation of. the ‘segments or intercepts at each Support 


Tine, such as as R,-M, and R, -M,, Bive the M-points ‘through which the final 


tg 


closing line, Ry can be drawn. The» writer suggests that the sum- 
mation of the tiorant intercepts. on the support o1 or R-lines can be , easily and 


ba _ The difference between the ordinates of the simple- beam moment diagrams ve 


those of the ,M Ba will give the resultant moment dia- 
ioe shown shaded ‘in Fig. 81 (a). “All areas above the elosing line, R, uM, 
, give positive and those below negative 1 moments. The inter- 


» 


pha of the final | closing line with the simple beam curves gives the points 
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of the girder to be’: Phe is 
3 that of Fig. 81 (a) and (b) except that the initial fixed points are located 
on the first and last trisecant V or U- -lines instead of on the extreme ends of the» -~ 


eitder. moment closing lines are located by passing through the proper 


intersections on the fixed point extreme J, or as 


2 


: 


Tn girder with partly re strained end conditions the fixed 


point is located between R and — in proportion to. the ‘relative degree of fixity 
& bas I ehbaol of aub 9 dy ts od 
considered, ‘The moment. closing lines a are then drawn passing ‘through the 


proper intersections on the fixed ‘points, otherwise the procedure is similar to 


ll The advantages of Professor Ritter 8 smisthood when ‘compared to the authors? 


system using conjugate or characteristic points are as follows: 
(a) —Elimination of the computation ‘for moment areas and of dividing 
ey them by the length of span; also of the computations of ‘the centers of gravity 
#1 of the moment areas, which for some conditions of lo: ading ecome rather com- — 


plicated and laborious. The ‘elimination of computations. lessens the possi-— 
(b).— In. the met 1od 2 influence of eac 
heart, ‘effects ¢ 
ala to the effects of mc 


grams. advantage i is particularly valuable when investigating a contin- 
nous girder for live loade. on ‘alternate. spans or ‘for. unbalanced loading, also 


+ for moving loads and the construction of influence lines - for them. For the — 


general solution and the construction of the influence lines the methods of 
Professor: Ritter* are doubtless. and shorte r than Shape, advo- 
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Practical examples of system involving the 


be use of conjugate points disc closes the fac et that for certain conditions of load. — 


ing and for varying spans the “pennant diagrams” become so flattened i. 


angles acute that the intersections loeatin 


ofed 

owt -—1=18-0-— - 

For the determination ‘of shears: and rie ions, the fotiowing method will 


be found. advantageous. 81 (¢) and (d)). Whe girder in 
be considered as a series of cantilevers over the supports, with simple suspended — 


“amin pr cre: ot 


spans hung at the points of of contraflexure. ~The total reaction of any § ‘support 
would then be the total load on the cantilever plus, the, reactions from the 


adjacent ‘suspended spans, ‘The point of zero shear is located | by constructing 
an ordinate ‘through ‘the point of -maximu um Positive bendin mom 


In the design of continuous: ‘beams proper consideration should be given 


positive moments ‘due to partial « or unbalanced loading of the . 
_ For ordinary condi itions the whiter suggest the following rule: jesign 


of loading the positive moment must be care- 
fully investigated as it may exceed four-thirds of the | positive moment for all” 
spans fully loaded. Th he graphical analysis ‘stiggested by the writer provides 
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ag bers: of. inertia and s statically indeterminate 
wan be. applied in. like Manner to the graphical analysis advocated by th the 


writer. ‘The author’s 8 graphical construction as an aid in the solution. of sec- 
ondary stress problems is rather _ ingenious and worthy of ‘much considera 
to those interested in investigations of secondary stresses. hg 
[t is unfortunate t that the codes of many cities lack 
_ lations 1 relative tc to the design | of statically indeterminate ‘structures, particu- 
y continuous eams, n rein orce concrete construction. ‘ he “rule-o 


thumb” methods for the bending moments of continuous beams 


ia 
> 


‘the usual, basis. of =» disregarding lengths « ot spans, con- 

ditions of loading, and degree of ‘restraint, are illogical and inaccurate, and 

result in uneconomical structures, 

is hoped ‘that this excellent paper and other discussions suggesting 

ES ‘of reducing laborious mathematical will be incentive to 


engineers to | give ‘more consideration to problems involving continuity, and 


Proof of Graphical Analysis of Continuous Beams. "Consider a contin- 

* uous oe" over five supports, and assume the second sy span “to be loaded by the 


loads, i, and 3 (Fig. 85 (a)). ‘The Teaction, d, is then negative and the 


over the support, is positive, moment areas are, as | 


In the span the true moment the positive moment area 


na 4 of the simple beam, be, reduced by the trapezoid, a cc’, which is divided into 
t two triangles by the line, be’. Int the third span ‘the moment area is equal 
to the difference between the two triangles, ed and d @. In both end spans 
the moment area is always a triangle (for loads on the interior spans only). | 
the center of. gravity the triangles and of the simple moment 


area. of the loaded : ‘span, Fig. 85 (b), assume the elastic forces, Ww, Ws 
_ applied 1 in a positive or negative direction, : and draw for ‘these forces the elas-— 
The elastic line of a beam is ‘obtained. by considering the ‘moment 


area as a load and drawing the funicular and string polygons. (Fig. 85 (c) 


and (e)). From the shape of the elastic line the following important. Tela- 
- obtained: In the unloaded spans ‘the points of ic of t a 


forces, Ww, lie on the 
the intersection, by. 


(which touch. and lies on a perpendicular "whieh is derived by 
interehanging the third gina -, of the respective spans Fig. '85(6)). 
called the reversed third line. In the same manner, 


d W intersect, in. the point, Thus, the different angles or. corners 


an 
‘he bending diagrams lie on the third lines except the corner at Way and 


“Taschenbuch. fir Bauingenieur,” BH. H. Max Foerster, Fourth Edition; pp. 361-363; 
“Anwendungen Statik,” C. Culmann; Kontinulerliche Balken,” 
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SRANFIRED ON MOMENTS CONTIN US| BEAMS 
components of W,, W,, W and W; fall in the third lines 
no matter how the span is loaded. Yo. ) ody bern 


 2++Fig. 85 (d) shows the left-hand part of the bending ‘diagrams necte 
from: Fig. \(e). The corners of the triangle, 1-2+b,, lie each on a fixed 
og pendicular and two of its sides run through fixed points; therefore, the. third 


side must also go through a certain fixed point that is: in the same relation 
the two other’ fixed! poin nts, condition holds for the other spans ‘and 
ii ‘it can be proved that in ‘every ‘span of a continuous beam there are 


the's span line two fixed points, 4, and | kg, which depend only on ‘the relation | 0 
spans'to each other, and not on the loading ofthe spans) 


™ 


% 


AGH 


The ‘moment in point! q! is zero for all spans to the 1 right, and 
“moment in ‘any point, ky, is’ for all ‘spans to the left. ‘The left support, 
a”, is, thereby thet or, fixed left Point for the first span; the right ‘support is 


the k or fixed point for ‘the last s ‘Thus, i in the indicated perpendiculars 
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MOME TS: IN: BEAMS 
Tunning through t the fixed points (the. fixed d lines), lie th moment 


and the turning points of the bending diagram. brome od odd wad: 

S r hog 3.—The fixed | points (Fig: 86) : : Draw the third lines in all spans and from 
left ‘support, a, draw, any inclined line which the » second ‘third line of 

Bea span, 1 , and ‘the reversed third line « of the ‘second ‘span’ are intersected at it the 


= 


1 and b,. draw-any line through the points, 1 and. b, and. pro- 
‘duce, it to its intersection. (Point 2). with the first third line of the sécond | 


“span. ~The: intersection of the line connecting the points, 2 and with. the 


horizontal will establish the first fixed -point of the second span. Starting, 
now, from i, repeat the operation and establish the point, ty) and thence the 


point, The fixed k-points are Is Koy te. found by starting from | the right 
reaction, and proceeding in the same “manner toward the left. spans 


symmetrical about the line of the girder, the and k-points lie sym- 


Kls 


dive 


. 
to common intersection 


x 


-Cross- lines and areas: The. connecting the points, 


which, ‘Point 3, is on the center- of- “gravity line of ‘the simple-moment areas” 
of the loaded span, are called cross- s-lines, ‘After the fixed ‘points are estab- 
calculate the area and the center, of gravity of the simple-r -moment 
in _the ‘The area, multiplied | by the distance of the center 


| 
” and ce”, and of the points, and (Fig. 85 (d)) the intersection of 


yy one-sixth of | 


b,” and These lines 


are from b and ¢ in Fig. and and cb”. 


{ 
cross the fixed Hines in v and and the of "intersects 


‘the: ‘support perpendiculars: at the points, ese points, 


This gives the total moment 
areas for the continuous beam, In the 
Fora single. concentration or moving load, P, in second span 


ts center of gravity is — ( from the vertical, 


thi 
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noment of this area about h (l, + 


statical moment e value o 


act 


ot 


it too eb edt of. otoitt -bobbe 


vatue, to obtain the intercept, bb" found: follows: Call 


“the ratio of any moment area referred to that of a particular span considered as won 4 


tandard. Let H be an ‘assumed: pole distance for a funicular polygon wherein 
‘moment areas are considered as loads. (Fig. 85 (e)). ‘fi 


involves an important relation in the following construction in Fig. (c). 


intersections of the sides, and 3 -4, of the string polygon in the second 
| or loaded span with the support perpendiculars produce intercepts which a: 
“measured to the seale of moments, equal the moments at the 


e are ng 


2 
x is 


relative to the left support is For . The static moment, therefore, = 


eo tiodt.ot om ek dso) bie etaior add 
by the of parallel forces, statical ‘moment, 


von 
Equating the two expressions and substituting r H for +, the following elation 
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MENTS IN’ CONFINUOUS 


in Fig. 85 (d) i is equal to b in Fig. 85. (0), and 


Fig. 85 (d) is equal to c’ in Fig. 
A ~The intercept ¢ can be easily found graphically by. laying off i ine Fig.. 83 the 


to. the right of point of concentration n giving the point, and 


J 


The ren remainder of the ‘construction is f found as 


“WALTER “Assoc. M. Am. Soo. E. Oy letter). +The, graphical 


method: for the e determination of ‘the moments in’ “restrained and continuous 
beams, presented by the authors, is indeed an excellent one. It i is unfortunate, 
however, that under ‘the ‘impression that they had discovered something new, 


they engaged in the great amount. of labor required to develop the method 


and succeeded only in ‘doing what Fidler} published more 
than forty years ago and Ostenfeld§ ‘simplified more than ten years” ago. 


With the ingenuity the authors have displayed, they could certainly have 
a great deal ‘more to the of design had they 


been aware of “the earlier work and commenced where Fidler and -Ostenfeld 
left off. paper ‘is nevertheless: valuable addition to engineering  litera- 
ture in that it | collects i in one article what has luge saga been available ina : 
_ The writer's ’s attention was 


W. Wileon, Am., he has used it, to, good 4 


advantage since then, particularly in a form extended to the treatment of 
- gontinuous beams of varying moment of inertia, in the design of. parts of the 4 
Estuary ‘Subway, Oakland, Calif. . The, writer will not dwell \on the similarity 


the authors’ method with the earlier ones. That has been. well covered: by 
Richart] and S. M. Cotten,** Assoc. M: Am. Soc. O. E., in their discus- 
yi 4 sions in which, in addition, they point out a number of geometric conceptions _ 


clarify. method remarkably, “oil Helot te eovle Ovi! 


W af “4 ‘ 
Trapezoidal, Frame— -The authors touch lightly, on, the. solution of frames 
which | there is a ‘displacement of the joints ‘such as. would occur. in the struc- 


shown i in Fig. if subjected to a horizontal load. The ‘ ‘small secondary 


correction” ‘of which they speak may be ‘greater than the stresses before cor- 
rection, if, for example, the horizontal load were acting alone at one of the 


upper joints. The only stresses then, neglecting dead Toad, are 2 those d due to the 4 


aiid 


ot | displacement of the joints and there. is no limit to their possible magnitude. 7 


| The authors refer the reader to Section 17 tt but there they fail to state i what 7 
‘the @ Asst. Engr., H. L. Haehl, San Francisco, Calif. as, 
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Treatise on Bridge Construction, ‘Claxton Fidler. 
“Teknisk Statik,” Vol 2, Second Hdition, by A. Ostenfeld, Copenhagen, Denmark. 
wy { Proceedings, A Am. Soc. C. E., December, 1925, Papers and Discussions, © 
< ag ** Loc. cit., March, 1926, Papers and Discussions, p. 484. __ 
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simpler or different: the ‘one here. hou of 

_ i If the members’ of the frame are ‘of uniform moment of inertia the use of 

formula: as suggested. by: Mr. Cotten is of leourse the simplest ‘method, 
? but if such a formula is not available or if the members are of varying moment — 


_ of inertia some other method must ne used. The writer: suggests the follow- 


to either unsymmetrical loading,’ ‘or frame, ¢ or both. at 


4 it Consider the frame, A j B CD (® ig. 88), subject to’ any loading due to the fe 

forces, P,. Assume a reaction, R, at the joint, C, of known 

direction and of such ‘magnitude (as yet ‘unknown) as ‘will prevent the diss 


 placentent of the’ joints of the’ frame. Thé moments in’ ‘the frame under 


method. “The ‘internal: ‘moments 


assumption ‘may be’ determined ‘by Fidl 
‘eaction, ‘R, can Bb puted, Now, 


being known, the magnitude Of th can b 
remove the loading from ‘the frame and supply ‘the force, j PR’, acting in ‘the 


ste irection to ) that assumed for R in the first step and force the ; point, 

Cte ) deflect a unit distance in the direction’of R’, The deflection of B and C, Ky 
perpendicular to. the various ‘members may be! ‘computed or determined 
graphically. The ‘moments can’ ‘now be found by Fidler’s method as applied 
to the settlement of supports : as explained by Mr. Cotten. ‘The ‘computer ris 
warned to consider the signs of the deflections properly. determine the 


ot the | same ‘manner as for ‘R. Tt is evident that the true 


‘a 
, is equal to he times the ‘assumed deflection due a 
to an and 7 the true moments in the frame are sre equal to those found i in the fi 


in tip 

p plus as, times those found | in the ‘second | step; all with due regard tos sign 


3 


Hie 


~~ 


Rr the 


¥ 
is process needs no proof; it t should be practically self-evident What 
been done | ‘to apply two equal and opposite. Toads at one ot 
panel 


| 

loads at upper joint cancel,, the trud ‘stresses. 


manner this nts is un- i 
known. This problem puzzled the writer for some time'and he has not been 
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R and jin each. problem, the these in + 
ie pe terms. so that. the: reactions at. the legs. and R ean be evaluated. easily by ‘sub- 
stitution. ‘Iti is to be noted. that in the general case, following, that A and D 
eed not. be. on the same level.. The horizontal and vertical components of he 
: reactions at A and B can be determined by resolving the components, ‘H4; ova, + 
Ap, Vay. into..others. of. desired d direction either. graphically: 


Assume R to be parallel to the line sonnecting A and dD. 


Let H = the component, ps parallel to D, of all external loads on the frame, 


~~." 


V = the. component perpendicular to A D; of all external loads on) the 


B= the summation of the external and internal moments about and, to 


J 
_ the left of . , except those due. to the reactions, and_V, 
summation of the external and internal moments about 


the left of. C; except those due to the reactions, H, and. vV 
Mp = ‘the. ‘summation of the external and internal 1 moments, about and to 


ods: the ‘left. of. except t those « due | to the reactions, Va and R. 


Bf insted Mp + Via Haa a= Yo: “ot 


oad. ‘The 


When the frame is symmetrical, = = b d= in “which case athe 


Vp Va al 


- 


Paper 
the v 
¥ 
Todos 
| 
: 
to atl 
3 
™ 
a 
tm 
that 
phiec 
and 
— try, 
tha 
i 
cul 
+ 
— 
— 
ing 


ee 


When 


he Closed Frame ~The: method outlined i is also 0 applicable 


"must | be trial since no on: the: moment closing: is 
owhich to start ‘the construction. Let AD be the’ fourth member of the 
frame toys similar to Figs 88 and 89) and a assume that the points, A and ~/ . 


Ay Hp, ‘may not exist. However, they. must. be sup- 
the two! solutioris; but if the external loads balance, which they must 
do if there are no reactions and transposition is not to take place, their lai : 


MAU US Veh 


the two solutions will be equal and opposite. ails th ot 


moment. closing line is determined as follows: Make a\cut at Joint 
and. lay the ‘frame|out asa continuous beam. Assume’ a, moment at. the 
Severed end and draw the; moment closing line, It is, Known that. the 
the two severed ends must be equal, If. they do not ¢ come cout” 
equal in the construction, the assumed value was in error, Adjust. it 


Be 


try, again, The second or ‘third trial should be successful. It is to, be noted 
only, the P- “points (vce. Fig. 92) must | be found anew for. each trial, 
oo, V, and T-points : are fixed. ” Tn,computing R and R’ , the moments, Mp, Mc, 
M. are te to be summed up to the severed end. oh 
The Symmetrical Closed, F Frame, Symmetrically . Loaded.—\ hen the 


frame is symmetrical and. symmetrically. as is the case for most box 


care 


this part, of ‘the 
sing line 


‘The determination of the moment closing line by trial is, by the 

that it Ys parallel to the neutral axis in two of the member 
Introduction. 1—The authors have s own how symmetrical beams of. vary- 
ee moment of inertia’ may be treated by Fidler’s méthod and Mr, Cotten in Ee 


his has how both the symmetrical and ‘the unsymmetrical 


eee 
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at advantages over beams of uniform moment of inertia. » These’ advant 


economic and esthetic. er has: wtilqutria 


Effect of H aunches on Bending\ Mome ts—In continuous beams of uniform 
‘moment of inerti a, the cross- section pe usually determined by the bending 


moment and the at the support. “When no haunches are provided there 


A, is a considerable waste of material, at ‘the center. ‘Realizing this, it has often 


4 
= been the practice to ‘reduce the section at the center by haunching the _— 


methods it is difficult to determine ‘the in 


of v: varying moment of inertia and ‘it has ‘not been realized generally that there - 
are any great changes. in the bending moments due to this variation. 


deol On a restrained beam haunches decrease the center bending: moment and 


_ increase the bending moment at the support as compared with a beam of | con- 


3 stant cross-section. In some instances’ the difference may become quite large. 


a Consider a beam under ‘uniform load, having fixed ends; straight haunches_ 
_ one-fourth: the length of ‘the span, ‘and a depth at the supports one vand one- 


half times that of the uniform portion. | The center moment is only:'74% of 
that for a beam of uniform section, whereas the end moment is 18% greater. 
‘The writer has ani actual case in mind). namely, that of a reinforced concrete 
retaining wall* about 30 ft. ft. high, continuous at the base with a floor- slab ‘and 


simply: supported at ‘the | he top. : The effect of tapering the wall from 5 ft. at the 


base to 2 ft. at the = was 8 toi increase the moment 1 at ‘the base by 25% over: 
‘for a wall of 


it seen tha it the actual factor of q 


= nsiderably than was intended and yet there: ‘is a waste of material at | 


to the ‘Pulaski over r the Saln ide on Pulaski, NY, has 


by E. H. Harder, ‘Assoc. M. ‘Soc. 0. E. ye 


j soci let 
Advantages’ of -Haunched Beams, better ‘accommodate the 


Hoan to its shearing stresses and in a concrete beam often eliminate the neces- — 
sity of extremely heavy shear reinforcement. The added depth at’ the sup- 
Of Rat ftv ofr oe al ¢ 
. port also decreases the bond stresses, making he use of larger bars possible. ‘The > 


neutral | axis, of. a haunched beam is ‘actually “curved and the induced. 
“provides added safety. The ability ¢ to carry, shear i is also ‘increased due to this. q 


inclination.$- "Another advantage of haunches ‘Ties in the reduction of the 
- high stresses existing at sharp 1 re-entrant a angles s as at the corners of a box cul- 


Theoretically, it has been, hown a and id tests h have proven that extremely 
* Outside substructure wall, Alameda Portal, Bullding, Estuary Subway, Oakland, Calif. 
ng a Concrete Arch Around Old Iron Bridge,” Engineering ‘News-Record, 
8ee “Der Eisenbetonbau,” by Prof. Dr. E. Mérsch; Fifth ‘Edition, Vol. (Pt. 2, 
nd Engineer’s Haridbook,” by and Johnson, p. 314 4 
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beam a depth of haunch one and: one- times 


i - 
ing and condition of restraint the most economical depth ‘of haunch is about 


wice the center depth for whieh the ‘ saving in ) material is about 14% over a Be 
uniform beam. There is an additional savin 1g due to the reduction in the dead a 
10 of the: beam itself and due to the ‘concentration of the material in the 
beam nearer to the support. Ve = 
Increased Costs Due to Haunches: —Against these savings must be 
the increased cost of formwork, if ‘the structural material is concrete, « or 


A 


- ‘increased cost of fabrication, if it is steel. In the. case of concrete the i increase 


in n form cost due to as a straight haunch is ; small. | In steel there i is usually no 


mainly because of the difference in the relation ‘of ‘cost of labor to that oe 


_ material. In Europe, principally i in | Germany, the i increasing use of ‘haunched 


rw 


beams led to the development. of shorter methods for their design and also to 
the preparation of tables to expedite’ the’ computations. Such a set of tables 


been prepared by A. ‘Strassner.’ These t: tables are directly applicable to 
Strassner’s own method for désigning contjnusus structures, a semi- -analytical- 
graphical method of very” general application, but probably not as simple as pm 


Fidler’s method for conditi ions to which the latter is applicable. Strassner’ 


tables give coefficients from v which the change of, the elastic « curve at 


the supports of the simply supported beam 
to the moment, 1, at t the support or to certain classes of Toading. by ‘When these 


‘od 


_ tables, w were first brought to. the. writer’ Py attention about two ) years | ago, he de- 
veloped a number of simple formulas by which the values i in Strassner’s tables is 
ould be ‘eavelll so as to be directly applicable to Fidler’s method and to ne 

‘the slope when this method i is extended to beams of 


part of this discussion (see Appendix) cag pa 


his for three haunch which have been 


See" “Analysis Teste of Rigidly Connected Reinforced Concrete Beams,” 
Mikishi Abe, M. Am. Soc. C. E., Bulletin 107, Eng. Experiment Station, Univ. of Illinois, 
“Blastizitat und Festizkeit,’ Bach ; and “Drang und Zwang, Eine Héhere 
a Festigkeitslehre ftir Ingenieure,” b y Dr. -Ing. Aug. Féppl and Dr. Ludwig Féppl, Vol. I, 
Second Edition, p. 248, Berlin, ‘924, 


+ “Neuere Methoden,” Vol. I, Second Hdition, ‘Berlin, 1921. 
Bulletin 108, Eng., Station, ang of Hlinots. 
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rth introduced later i in this discussion, will either “cover or 


approximate almost any shape ‘that i is likely to be: found/i in “practice. 
Nomenclature. —In the to be used as far as the 


= 


minimum of) inertia of member.) ‘bas’ 
= maximum moment of inertia of the member (at the support). 
aa of inertia of the haunch at the distance, the 
beginning of the haunch, silt to! BT 
ratio of length of haunch to span of beam. BAL 


OR: an exponent indicative of the degree of curvature of the hauneh 


= modulus of elasticity: son te me 7 


ae w= the total uniform load, or the: total 


the from the left support to the left characteristic q 


ofem FR bo = distance from the right support | to iP Hight. charac- 


p= area of the - for M at the support 


I= 


soft the beam of Span 1 having E and 1,, 


od of the —— - - diagram for at the right si sup- 
of Bath bos part ofthe beam, of; Span 1 haying # and f=, ton 9 ad 
s= height of the left characteristic point when/and W = 1. 
= height of the right characteristic point when 7 and W=1. 


» Case I—Sharply Curved Haunch (Fig. 90). ‘oth wort 
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at Point & 


3 90, this haunch curves an inceddsirigly rapid rate as om 


are that be or be fitted to’a given haunch. 
II. Straight ‘Haunch- —This type of haunch decreases uniformly 
the’ support ‘to a point toward the center of the span. 
‘Case III- —Parabolic Hauneh- —This is parabola of the second degree, 


the vertex is at the beginning of the haunch and, the curye is tangent to the | 
uniform part of the beam at ‘the’ vertex. adt- 


Case ase IV. —Sharply Curved Haunches of Varying. Degrees of f 
(Fig. 91).— Professor Max Ritter,* one of the ‘first to develop simpler methods 


for treating, beams of variable moment of inertia, introduced a formula for 
the variation of the moment of inertia, which, » when substituted in - the 


equation, gave functions that could be readily integrated. Itis the general 


“oe of which Case Lis the special condition for the value of the exponent, 2 


ged dved umnod edt to oft 


‘The exponent, ¢, which determines the degree of the eurva- 
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| ture of the haunch usually has a value between 0.5 and 5.0 in practical prob- — i. 


lems and by varying it between these limits, the haunch can be adapted to a os 


aA?’ 


great variety ‘of shapes. inerenses, the haunch curves more sharply at 
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Use 0 the Tables. -—In order to determine the moments a continuous 
; 


i beam of varying or ‘uniform moment of inertia, it has been shown by ‘tho 
authors and by Mr. Cotten in. his discussion, that the position of several 


ae points and lines must be determined, namely, the height and lateral position | 

of the U and Fe -points (Fidler’ Ss characteristic points) and the lateral ‘position — 
the T-lines (one of the lines of ‘Ostenfeld’s auxiliary diagram). 
For the f four. shapes of haunch (Cases I to these points and 1 lines, s may 

be located with. the aid of Tables 6 to 22, inclusive. As shown by the dia- 
grams. at the. head of the. various tables, they: are applicable , sto the sym- 

‘metrical beam. with haunches, at both supports, and. also. to the beam with a 
The lateral position of the U and V+ is determined one, 


of 
‘abl 6 to 11, inclusive, and Table 28, with the aid of the ving relation: 


Distance o of the U- line ftom the left support = = ul. 
Distance ¢ of the V-line from the right. support =vl, 


_ As show Mr. Cotten’s discussion, to determin he | oar sition of 


| 


moment, 1, is applied successively at the left and right support. This is also. 
= found ind by using the coefficients given in Tables 6 ‘to il, inclusive, and Table 28, A 
The bit —— - diagram for M equals 1 


Right support 


will be noticed that these functions are independent of the on 
Wes tion age 

the beam an ‘and hence the coefficients, v, p, and q, obtained from th the tables 

aa been called “beam coefficients” , being dependent only on the shape of | 


height the U and -points Is dependent « on the Toading as well as 
the shape of ‘the beam. Coefficients for. a variety of loadings have been 
computed and are ‘tabulated: th und der the heading of “Toad Coefficients” in 


Tables 12 to 27, inclusive, and Table 29. The heights of the U “points 


are obtained ed. by substitution i in the following formulas: 


The =-sign ‘is used to indicate that the load must be divided into parts to 


12 to. 1, inclusive, give. the values of coefficients” and 
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able ZY give the values ot the coeticients tor a unitorm load over 
e entire span. tables 24 to 27, inclusive, give t e coefficients for a tri- 
angular load over the. whole span. Coefficients for other loadings 


ON “MOMENTS: CONTINUOUS BEA 
‘partial, or triarigular loads, ete., may be found approximately within 


1% by dividing the load into. a number of concentrations and then’ ing 
Tables 12 to 17, inclusive, or exactly’ as follows: Multiply the coefficients fo 


a unit concentration at each twelfth point by the intensity of the actual load 


at that point; plot these products at their respective twelfth points and draw a 
urve through them, as shown in Fig. 93 or Fig. 94. ‘The area under the } curve or 
imes 12, ‘divided | by the product of the span times the load considered, is 


tim 
‘the’ for that Toad. The factor, 12, introduced to take care 


the horizontal seale of the diagram. The area vurider the curve may be obtained 

by planimeter or ‘other method. — Simpson’s 8 rule or or any one of Cotes’ Slirtedlat 
Case IV, “load coefficients” are given only for a uniform 1 load over 


the whole’ span. “The coefficients for other types of loading may be found with | 
accuracy: using the values { given for Case I(a) and multiply-_ 


in Case Iv ‘to ‘that for. Case I(a). relation exactly true for a 
uniform’ load and approximately true for other loadings, departing 1 more from 
the truth as the loading ceases’ to. approximate ‘a uniform one and as the — 
of b and ‘depart from unity. For b=0 03. and¢ = 0, the error in 
the coefficient for. a central concentration is 2. 1%. and will probably not 
“ceed ' this figure for any practical beam and combination of, loading. 
approximate method is certainly’ exact ‘enough for all ‘preliminary designs and 

ves may be checked by an exact method when the final design is is adopted if the — 

aq ‘When values for special loadings or beams are determined, it is suggested 

me): ‘that they be computed for, or or reduced to, , coefficients for a unit load on: the 

span of unity with and E equal to unity. . These coefficients will then 

in the ‘same form as those given in ora writer's s tables and. may be tabulated a 


The tabular interval is so that intermediate values of the coe 


= 


Tables: 24 to 27, inclusive, of triangular load coefficients are new; ; their 
"equivalent does not ‘appear in Strassner’s tables. Tables 28 and 29 are com- 
bs; puted by the writer from formulas developed with the aid of the work of Max % ‘ 

Three other tables which the writer has found, useful.as.an aid in the 

solution of continuous beams of uniform moment of inertia have been. added: 
Table 30 gives the ‘ “load coefficients” for partial auniform load. in, various 
positions on the span. This table w was originally prepared by Mr. Cotten and 

has been published+ in a slightly different form. It is here included i in the 

revised form at. the, request of Mr. Cotten, 


i See ‘Methods of Approximate Integration”, by ‘Willis Whited, 1 M. Am. Soc. 


neering News, Vol. 73, No. 17, April 29, 1915.) bi a 
Engineering and Contracting, Vol. 4 48, apm 14, 1915. 
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“Table! st ‘gives, losd coefficients for triangular loads, with a maximum 
mt intensity at the: support ‘and extending over various parts of "the ‘span. _ Table 
gives’ load coefficients for trapezoidal loads and for raniforin’ ‘and 
loads at the upper and lower limit. In’ addition are. given for 
ez plotting the simple beam | moment diagram for these loadings. Tables 31 and 
| 82 are particularly usefal « a8 an aid in the ‘application of Fidler’ 8 method to 


structures under hydraulic load or its equivalent. -bobivib 


Be Accuracy of the Tables.— —Due to’ the limitations ‘of Strassner’ original 
tables and to the. matheniatich! operations of the recomputations by the writer, 
.: ve the tabular values will be found to have slight errors occasionally i in the last: | 
3 figure. In Tables 12 to 18, inclusive, this may ‘amount t to two or three units 
the last place. In the other tables, the error will usually not exceed 
a Fe unit in the last place and will seldom be that large. The tables have been care- ? 


fully to detect. errors both the original tables and in the. writer's 


many, “first have been plotted. in. addition. large | of 
values” ‘were computed from first: principles to check points that failed to 
plot a smooth eurve and also to detect constant errors which the curves 
might not ‘reveal. It ‘is believed and hoped that if any “errors remain, they 
The preparation of the tables ‘has ‘involved a considerable amount of labor 


; Ne and the writer hopes that the work may be. of benefit to other | engineers. Ww ith 


| 


= the aid of these tables the solution of a haunched beam involves little if | any 4 


additional work over that required for a beam of uniform moment of inertia. "1 


They should lead to the more general use of haunched beams. woulay col 
Some 


the Blastic to Haunched Concrete Be 


ticity are open to However, if. continuous” of uni- 
_ form: ‘moment of inertia can be proportioned according to this theory, it may 


£ 


t is trite “that occasionally tests’ have shown wide deviations of the actual 
stresses from the theoretical ones, but ‘most of the evidence seems to. point to d 
_ the fact that the ordinary elastic ‘theory is applicable, within s safe limits, to 


reinforced concrete structures: when the steel properly proportioned and 


aay care is taken to obtain ‘a uniform concrete throughout the structure. The 


latter requires: not only uniform ‘proportions of cement and aggregate, but 


be used for beams of variable moment ¢ of inertia. Tests have shown that 

the moment of inertia a concrete beam be ‘computed using the effective 
depth and if the steel be proportioned in accordance with the com putad 
eo ments, the actual stresses will be closely in accord with the theoretical ones.* — & 


proper “uniform water ‘content, and uniformity of curing as 
Example-- —Tt now “remains solve an actual problem to 


ilhistrate thie of the tables!” For comparison, consider the beam shown by 


For further discussion of this subject and for the results of a Jarge number of inde- 
pendent tests reference is made to, ‘“‘Der Eisenbetonbau,” by Prof. EB. Mérsch, Third Bdition, 
he p. 210; “‘Neuere Methoden,” by A. Strassner, Vol. I, “Second Edition, p. 73, and oa 
and Tests of Connected Reinforced Concrete Frames, by Mikisht Abe, Am, 
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his s will completely. illustrate the p problem | and ‘the tables. 
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A’ ax ad E A” have been multiplied by. 1 000 for use in this diagram. 
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ther 
0.385 x 16. 0 = 6. 16’ the 


_ 383 x 16.0 


= 0.000576 


x x 12.000 = 


100 


4 
Wns = 0.218 18 = 02 18 X 18.0 = 3.9 ay gop 


‘ 
F rom Table 26, for t the tc total triangular load: 


Vy = 0.0588 X 18 X 15 110 


find of U,” and V,” for the partial triangular: load it. will be 


necessary to compute the ‘coefficient with the aid of Table 15 according to 


_ the method previously outlined on pages 688 and 689. For convenience in com- 
the coefficient assume span bes 12 and a load of 18. Then to determine 


“Qe 
8” by the exact method (Fig. 93): Apar' consi the by 
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X 0.5 K 0.25 + 0.1835. + 0.1213 2 01007 40.0726 4 
0.03884 X 5 009 15 
0.0884 X 6 -+ 0.0096 X 0.56.75 20. 0669, about 1% too 


é olution at tog 


0.2426 
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a moment closing line) drawn as explained by the authors in their paper and by 
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er has endeavore present in this discussion: 


—A direct solution ‘of ‘trapezoidal frames ‘with: de 


3.—The effects and advantages of haunches on continuous beams. eas 


set of ‘tables and an explanation of their | use to facilitate | 


of haunched beams and beams of uniform moment of inertia. ae a, 


“He hopes he has not failed in attempting to- present the i in n 


manner - nat it, may be readily understood and used to” advantage 


his. own, has to, Without those tables, the labor would 


have been many » times as great as it has been and the comput 4 
_ extensive set of tables would ‘probably not have: been v undertaken. The writer. 
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TO TRANSPORTATION IN THE UNITED 


C. W. K <uTz, z, M. Soc. E+ 
M. Am. Soe. C. E. (by letter, ). §—A review of the papers pre- 


sented this and the discussion thereon shows. widely varying 
- conclusions as to the value of the Ohio River as a transportation agency not- 


ithstanding ‘the fact ‘that nearly all the are based on 
iad a a consideration of the same basic « data, 
The principal points of disagreement may as follows 


4 1,—The annual charges 0 n the waterway dion: the present. project is 
2.——-The benefits as measured by the difference between rail 


water haulage costs when applied to existing tonnage; and 


7 Annual Charges—The annual charges depend on first cost, cost of main- 

tenance and operation, and depreciation. purposes of comparison with a 

privately” owned transportation agency, an item for lost taxes should also 
receive consideration. _ In the writer's paper|| the ‘cost of this project was 
given as $103 000000; Mr. used $110 000 000. ‘The present project 

:. adopted i in 1910. There was expended under previous projects, including © 
iy the amount for the purchase of the Louisville and Portland Canal, ‘approxi- 
Le _ mately $17 500 000. This amount also includes the cost of Dams Nos. 1 and 2— 
%.. since replaced. If all this amount, as well as the cost of Emsworth Dam which 

im replaced Dams Nos. 1 and 2, is considered as part of the ‘first ‘cost, the total 
will aggregate approximately $110 000 000. ne This total also. includes the entire 

ie cost of the proposed power navigation dam | at Louisville, Ky. but, as the F Power a 

¥ ~ Company will pay annually interest and depreciation on the difference between 7 
& the cost of the navigation dam and the cost of the. power-navigation dam, this: 


amounting to $1 500 000 be deducted ‘from 


Col., Corps of Engrs., U. S. Cincinnati, Ohio, 
by the Secretary, ‘February 23,1926. 
Proceedings, Am. Soc. C. E October, 1925, and Discussions, | 1645 
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ON. RELATION OF OHIO RIVER TO TRANSPORTATION 
$108 500 000. If the cost is limi ited to.that of work now used and: ae in 
the interest of navigation, the total of $103°000 000 would be more 


The writer used a 4% rate in determining interest charges, as did. ‘Mr. ae 


“Mr. ‘Begien* used ‘4% per cent. The last 30-year Treasury bonds, 


bearing, 4% interest, sold ata premium, and the trend is toward lower, rather 


depreciation, the latter being based primarily on the : age of Dams Nos. 1 and 2 ae . 
SORBL 


when replaced. The replacement of these dams i in 1921 by -@ fixed dam is not 


a fair index of the length of useful life of locks and dams of the | Ohio. ‘River 
type, as their replacement was primarily a betterment, for the purpose of im- 


proving: conditions i in Pittsburgh Harbor. replacement of Dam No. 3 


‘the cost of maintaining and operating ‘Ohio River dhcks and dams, including ~ 


the average annual cost of replacing depreciable parts, was @ estimated at $40 000 


O08 O74 


z per lock and dam, or $2 000 000 for the entire river. A reconsideration of this a 
jtem leads to the belief that it is too. small and that the average annual « cost 


du uring a long period will be approximately $2 250 000, 


this type | of “waterway is to be be “superseded ‘eventually by some 


orm of ransportation agency, as were the ‘old canals of 100 years 


this ‘supposition might be with force 
to the privately _owned railroads, to provide against such a contingency for - 
: ‘the waterway. only it is proposed to assume a life of 75 years and set up -_ 
Dart of the annual charges an item for depreciation of 0: 22% of the first cost, 
_ an amount which is sufficient when compounded at 4% to amortize the entire a oe 
Mr Alfred} includes in his estimate of annual charges’ an item of taxes i 
-" 1. 46%, the average paid by the railroads of the United States in 1923. As ic 
to the propriety of including such an an ‘item, the following is quoted from a — 


report made by J. M. Clark, Associate Professor of Economics, Chicago Uni- 


versity, a number of years ago, in. connection with 


_ only what it has to pay out again on its bonds, leaves the Government poorer 
_ than if the same funds had gone into a private investment on which the — 


Proceedings, Am. Soc. C. E., November, 1925, Papers 
October, 1925, Papers and Discussions, p. 166 


Alfredt assumes an item of $2 000 000 for maintenance, plus 14% for 
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The movable parts of these structures such as wickets, gates, valves, etc., 
5 # have only a limited life and require replacement from time to time, but this on We, — 
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Federal Government dase not affect this. principle: ‘it. merely x makes 


“There is, however, one real question, Does an investment of this sort. 725 
always result in reducing private investments by just the same amount! Be 
‘Orthodox’ ’ economics would say yes: but, in cases where the financing can be charg 

aie done partly through credit expansion, it seems probable that the correct answer Js 
‘is no; $100 000 000 of Government funds invested in this way would displace 5 | 
some private investments, but less than $100 000 000. . It would depend on § 25-2 
whether the credit mechanism had some reserve lending power at the time the to ha 
loans were floated, and also on the existence, at the time, of a certain reserve ‘Furth 
+ an labor and plant capacity which could be drawn upon without diverting 9 le 
labor from other things. These conditions might or might not prevail. * * * If i sane 
taxes are counted at the usual rate on one-half of the investment rither than is un 
ea on the whole, all ‘reasonable allowance will have. been made for the elasticity -lengtl 
Although there is room for a of opinion as to the _ inclusion of 

/ such an item, the writer believes that full justice will be done the r railroads i Me 
by the adoption. of Professor Olark’s v views. Accordingly, i in the revised s sum- ee 


3 of annual charges, taxes will be included at 0. 7 3%—one-half the average 
Tate paid by the railroads in 1923, which 1 is s equivalent to the full rate on one- 
half the investment. ~The total annual arges ‘on completion of ‘the project 

Interest at 4% on $108 500 000. .... 43400000 Coal 


= _ Maintenance, and operation (including replacement 


wt 


This pea total is is $1 500 000 greater th than the annual charges given by the 
writer in Table 3;* $600 000 greater than the estimate of Begien; but 


“ re still $2 040 000 less than that of Mr. Alfred. +). Measured by the expenditures to 
; “date the project is 80% completed, so that i inan economic ‘comparison based 0 


1925 tonnage it will be fair ‘to use 80% of $7 615 450, or 86 092 000, ‘as the 


m 


measure of the annual charges i in that year. af add 3 
em ee Tonnage in 19%5,—Some of the papers i in the Symposium use mileage - 
*. a -mileage data for the 2 calendar year 1923 . and others for the calendar year 


1994. Asa study | of these data and of the reports from which they were com- 


m9 at piled | disclosed certain discordant features, the method of collecting tonnage 


re ie’ s statistics on the Ohio for 1925 was changed, a higher standard of accuracy 
being established. This fact w will ‘andoubtedly. account. for the 
“we in the quantities of | sand and | gravel; as reported for. 19 25, and may account 
ze for part of the other increases. In Table 22 comparison is made between the 
bet tonnage | of 1928, 1924, and 1925, as: reported, no attempt being made to ‘ cor- 
‘eet t any of the errors, or , that are believed tc to ‘exist in the 


* Proceedings, , Am, October, 1925, Papers and Discussions, Pp. 1645. 
+ Loc. cit., , November, 1925, Papers and Discussions, p. 1885. 
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aici charges of 12.9 ‘mills per ton- mile, | 


sing ee revised annual charges and the t ‘eupeee of 1925 this rate tend 


Benefits of ‘Savings Based on 1925 Tonnage.—While Mr. Alfred's 


ie « on the waterway are regarded as too high, his water haulage ¢ cost, 2.7 Mle 
mills per ton- -mile, is too low. This rate does not differ greatly from the 

5- j-mill ra rate set up by the e writer : r for hauls of 250 miles; but it is n not t applicable — 

o hauls of 86 miles (the average on the Ohio, exclusive of sand and gravel). 

“Fa thermore, his comparison of the sum of the two (annual charges per  ton- 


mi ile plus water haulage cost per -ton-mile) with the average railway revenue : 
is unfair, as it fails to take into in n the 


n the Ohio in than 90 miles. rk 


3 


= 
q “Coal in tons.. 

Iron and steel, in tons 
Oil and gasoline, in tons 

Packet, in tons 
Unclassified, in tons 
‘Sand and gravel, in tons. 


pie 


= 


3 


4 


| 8 


‘Total in ton- -miles, exclusive of sand and gravel.. ’ 


Bae 


‘The most di of showing bene is ific 
F _tadeniai was done by Mr. Begien i in Table 17,+ : and that me 
connection with the analysis of the 1925 tonnage (Table 28). “cone elements i ii 
Table 1, however, eall for comment. ‘The canalization project, Huntington 
WwW Va., to Cincinnati, Ohio, was not. completed ‘until late in 1925, but even 
ana this handicap cost data covering operation in 1925 place the water haul 
age cost at 50 ¢ cents per ton as against 55 cents. It should be less hereafter. 
An elevating cost of 5 cents ig fair for unloading plants of the old type. 
re With modern plants | on the Monongahela. the cost is less than 10 cents. — 
i ‘ing allowance for the smaller movement at Cincinnati, a cost of 15 cents 
- deemed to be fair. Ww ith these changes there is a saving of 68 cents per ton 
4 to river-side plants, and to householders within hauling radius of the river 


me 43 cents per t ton on coal which requires a” switching haul and 2 27 


cents per ton on ¢ n coal reshipped by rail to Indianapolis, Ind. . An average sav- 
on this movement is nearer than cents, a8 assumed 
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oe es the river is not regarded by the railroads as an integral part of the country’s” 
transportation system ‘and is -aecorded the same treatment as would be 
given a ‘railroad; for coal brought to Cincinnati by: river for ‘shipment to 


"Indianapolis pays a a higher : rate > (Cincinnati tc to Indianapolis) than than | that brought 
in by rail, the differential being 184 cents per ton. 
Barnes’ estimate of sav ings* is subject to a correction due to ‘the 


that many of the Ohio River h hauls which 1 gO to make up the average are Parts 


of through hauls involving tributary streams and in some cases parts of 
rail river hauls. In such cases it is necessary to compare the 
= “ah through water rate or through rail-river rate with the through rail rate and 
eee _— apportion the savings s between 1 rivers. This may be illustrated by reference to 
the largest coal movement— Monongahela River points to the Upper Ohio. The 


- total difference or saving averages 94 cents per ton | on a total haul of 88 miles 
(50 miles on the Monongahela and 38 miles on the Ohio). ‘The share accruing 
the Ohio is 44 cents, or 11.5 mills per ton 


nas it has been 1 alleged that the e economic comparisons are faulty i ins that they 
ic - fail to include in the cost of transportation by : river either the terminal cost 
d or any "profit to the carrier. ‘Table 23 based on the 


carrier. In dealing with ‘private carrier ‘movernents cost only was con- 
the cost including a 6% return on the investment in floating plant 


contidentilly, Sthey have been ‘consolidated. into groups and the rates 


ind savings listed are the average e for the Sis 
he 


sa ving on sand and gravel: is less indeterminate. While ag 


se ries s of comparisons: indicate an | average aaving of $0.5 50 per ton, only part 
is amount can be fairly « credited as a benefit resulting from the canaliza- 


a ‘project the industry would exist without the dams. On the other. 


hand the dams in many cases double the length of the season and give access 
.* deposits that t could not otherwise be profitably mined. _ The saving of $0.20 

-«~iper ton is the estimated reduction i in the cost of producing sand and gravel. bi 
It will be noted from ‘Table’ 28 that ‘the accumulated savings for 1925 


nt to 87% of annual ch for that to 10% of ‘the 
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ight ninor fluctuations, has: remained stationary since 1918, but ‘the quantity mov: 

ing the Ohio has been ‘increasing since 1920 when the movement fro 
fact Pittsburgh to points on the Mississippi River ceased. 
arts es It is true that coal will move increasingly to central power stations’ asa 


Prospective Tonnage.— 


commerce of the Ohio will increas 
‘is ; justified although his reason# are not convit —s It is true that the per 
is 


capita production of coal is decreasin e—a —and that the actual production, with © 


gbaiite$ for coal formerly moved to local stations, but as ‘such | stations — 


require 500 tons of condensing water for each ton of coal “consumed they. 


the 
pew “must locate on large rivers. Furthermore, if they can secure their coal by 
eto watér, it more economical to build such stations near the ‘center of distri- 
The | “bution than at the ‘mouths of coal mines 200 miles distant. this Day 
iles” It is true that t petroleum i is taking the place of coal, but the > prospect that 

. the Ohio River will vee a large share of this substitute | tonnage is shown | ag a 


hey single item of 
cost “tonnage, the prospective vatiabio of pete and i: iron on to points on the Mississippi "ad 7 
age ‘River bids fair to yield the largest returns eventually. Although | a seasonal 
inal movement is all that is possible at present, the large steel companies in the Ohio , ie i 
on Valley foreseeing the approaching completion of the Ohio improvement, 
om- - glready have taken steps to move their products by water on a large scale. | 
Laan In addition to seasonal movements to the Lower Mississippi, a a common mn car- | 
ant | Tier service has been established whereby such products are being shipped by | 
be fiver to Louisville, thence by rail to St. Louis, Mo. Memphis, “Tenn, 

"pending completion of the canalization Project. Hide ib 

Act, Begient makes the point that “the comparatively few industries and 

individuals: who make use of river transportation contribute ay very small part 

toward the interest and carrying charges of "such i improvements” and that in 

a with the movement of coal by river none of the saving in trans- 
portation costs is passed on to the consumer. angle paint 


Nees The theory underlying the improvement of rivers at public expense assumes 
that the savings in transportation costs will be transmitted to the taxpayers 

who p pay y the annual charges, or to a large. and representative group thereof. 
No ot all the tax- paying public is benefited by a given improvement, , but it may 
benefit” to ‘an equal extent from some other similar public improvement. If, hs 


— however, the saving is not passed on as alleged then | some means should be 
‘ devised for placing the maintenance burden on the users. 3 This could be done a a 
either through the collection of tolls or by a licensing system similar to that 
which governs the use of highways created at public expense, as was suggested — a 
number of years ago by a prominent waterways advocate. 

‘This question, however, is separate and distinct from the one at issue, 
a “namely, whether a a canalized Ohio River | will serve as an economic link in the | 
country’s transportation The writer believes that the use now being 
ae Am. Soc. C. » October, 
Loe. ott., November, 1925, 
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KUTZ on { RELATION “OF OHIO RIVER ‘TO TRANSPORTATION 
- effected, and the prospective inerease 
use on completion of the projedt hence justify an affirmative 
- The Ohio River’s full usefulness, however, will not be realized until the 


"Interstate Commerce Commission is. given the s same control over rates by 


-* river as it now has over rail 1 rates, end until the railroads 1 recognize the value 


of the r river by granting joint rail and river rates as irealy, as they grant Joint 
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Mzssrs. ‘H. O. Roor AND ESLEY VANDEROCOOK 


Roor,t. Esq. (by letter). ‘+The theory of the hexagonal design 
-conerete is “simple and has been ably handled i in this original 


ing the has that a 1 detailed description of field 


would be a fitting contribution to th this discussion. te 
Narrow Streets and Highways. —When the street or highway is 0 such 


ideal! that it can be screeded successfully from edge to edge and the desi sign 
is” a umes staggered center joint, the placing of the interior joints is very 


oo The start is a matter of special plan in. each case, and, Gf ‘made from an 


theta end of the first length of center joint being brought: a point off center 
the required distance at the end of the first transverse joint. “slr 
Assume, for illustration, that the pavement is to be | 24 ft. wide and that 
design calls for a single staggered center joint of. -ft. lengths. These 
form 120° angles with intersections 2. 5 it. off center, and the transverse 
joints from these points to the « edge will be 9.5 ft. in length. ittse- ko 
all _ The contractor provides metal ‘ “saws”, or, strips, in | both the 9.5 and 10- ae 


“lengths. One end of a. ft. “saw is secured to the first fixed angle ‘point 


established, its free end is brought to an: intersection with a.9.5-ft. saw and — 
the latter adjusted to be a at Tight, angles . with the edge. | The location of each © 


10- ft. center length is, therefore, automatically ¢ established by. bringing it to 


meet the end of the next 9.5-ft. transverse 3 The transverse joints can 
be kept. square with the edge by eye and should fall at intervals of lal Phy 


& 


edge, ott! no bak iad anol, he 
of streets must planned i in advance, and it 

necessary tos 


n. Th hin boards are 
it equired. “When, panel pl ans 0 
are to ths field engineer and the inspector, 


there need be no delay to the mixer while constructing mart layouts. sey 
pou 
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erse joint 
off gives the joint more freedom of action, r 


“required to work directly under the boom of the mixer, and the to- -and ‘fro § &g 


"movement « of the bucket does not interrupt him, nor nor does his work in any 

way ‘interfere with | the rapid deposit of concrete by the mixer operator. tes - 

ARG, Ex xperience ce proved that it was more efficient to move the mixer and pull v up 


1¢ the power sub-grade drag only far enough to allow one length of center joint 


one transverse Joint to be. set ata time. _ These short moves can be made 
without loss of | 


sub-grade ‘and joints ‘between the 1 mixer and the line deposit. 


experience covering ‘seasons’ work and. a yardage of ‘more than 
400 000 seems to warrant this” assertion, that the hexagonal design actually 
makes for higher efficiency and , therefore, for better progress and lower costs 
is ‘usually attained with the | standard ‘ectangular ‘design. 


Streets —When the improvement is of such width that it cannot be 
laid completely | at one ‘trip, it, is} necessary to set one straight fo form outside the 

line of hexagon points: to | be laid i in ‘the first operation. The ‘sub-grade may 
then be brought to correct crown and grade by a template drag riding 


re 


The contractor provides a supply of 3-i form lumber, of a width equal 
to the thickness ¢ of the ‘Pavement, _ These | pieces | are cut so that the ends have 


on bevel of 60°, the two bevel cuts being parallel, and the face length e equal o 
the designed length of the joints. The straight false form is marked off in — 


_ panel- -length intervals and the extreme ends of two beveled pieces” are brought n 


these marks; their adjacent ends. are then brought together on the grade 


and secured by staking. The setting of these forms i in pairs to the marks on 
- the false form is a simple operation and increases only slightly the whole 


a rt- The concrete is then struck off, tamped, and finished, all from ¢ the false — 


form; the beveled forms are merely trued up to the rod as it passes over ‘them. 
ee expansion ore material i is placed with the first strip, flush with 


A long straight- edge should be used my er projecting p points of concrete 
uring the fir nishing areas be reasonably 


as 


"flashers, 


tts 


but the false form should be left in The remainder of 
or such part of f it as as will be required fo for the next : run, may be brought to its 
crown n by means of the template drag sliding on this form. The open 


tangles between the form and. the old concrete must be smoothed 
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hand. the s 
placed, this should ed and all sind finishing done 


from. the hardened surface of the old concrete, — al 

‘Here, again, it i is important, that. the long edge be used. carefully 

where : the triangles of new conerete mesh in with ‘the old. A series of humps 


hollows, even ‘slight, occurring as do at regular intervals, 


; seriously affect ‘the riding qualities of the pavement. As the difference in 


cost between a smooth finish and a rough one is probably less than 1 cent 


per sq. yd, ‘it is the writer’s opinion that the ‘this 


difference and secure the better Guang: 
rer) 


Wide Areas.—Al ms may false forms 

described previously, the ‘filler ‘tiers: being screeded and finis 1ed to the: 
surface of the « old tiers, 1 
General Complete separation of the slabs from | one another is ‘important. 
Careful edging and ‘complete separation will ‘prevent spalling | and the subse- 

raveling at corners and along joints. The longitudinal joint m 


may be run continuous through the three-way intersection | and all” splices 


to occur at least 2 ft. from the angle. concrete deposited i in the 
angle | of ‘the continuoys joint tends to keep it butted firmly against the end 
the transverse joint. Tt is: possible that some metal clip ‘device could 
to hold the en a of the transverse in true 


Noe 


roken and tured to ‘intersect them squarely. extra thickness of con 
put i in to for a any section reduction caused by manholes, 


staking and checking forms, laying out intersections, and. checking c crowns 18 on 


sub- grade and finished concrete. ‘Close co- -ordination in this Tespect is 


reflected in the progress, quality, appearance, and. cost of the finished work. 
Conclusions.— —The laying: slabs is not as diffie ult a as appears 


first glance. The x 


and even ceases to be a novelty after the first few panels have been The 
sign permits of a a highly e efficient organization of the labor, , which, i in turn, Ley 


results. in rapid pr and low costs” ‘for the contractor. . The item of 
increased cost soon disap seat 


ars under the pressure of competitive bidding. 
methods ‘bere, ed will no bt be improved by other engineers" 


and contractors when the use of the hexagonal design becomes more general. — 
i It i is with this thought in mind that 1 ‘the writer presents t 


a basis for further refinement in n practice than as a se 


Wester Esq. (by letter) +—The The fact that such widely 
ent views: are concerning the essentials of concrete, 
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should. of the character poportadl in Mr. Perry’ paper. 


if no definite refinement of design ‘resulted. from: this work, the subsequent 


investigations on larger scale (which, ‘unfottanately, are not re ed in 


paper) and the e better acquaintance with the causes ‘and of 


typical failures i in pavement slabs have ‘completely’ justified the effort made. 


ue Tt ecessary to the ‘diseu: of the paper’ to ‘note that 


the ‘designer of this of. pavement is among t ose ‘who believe in segre- 
gating a pavement into certain definite slab units and eliminating cracking 


= by meeting Nature “half way”. 8 To this school of thought 1] the paper should 


be of interest, if not of value... ‘There still are, however, adherents 3 to the spon 


of pavement in s slabs of ‘full and i in excessive or indefinite 


designers is ‘thinking ri ightly, which o the’ of ‘slab sizes. "Sine 
structural effect is OF prime importance, probably the soundest argunient 
. for moderate slab sizes is the fact that the expansion of over-sized ‘slabs, with 
. insufficient expansion provision, sets up compressive stresses which express 


themselves in transverse flexure. This becomes harmful when 


‘ a transverse > loading i is applied and probably accounts for much pavement, break- — 


age. transverse cracks often follow local lines of least 
and frequently | terminate at the sige, with an acute corner, which suffers — 
under cantilever loading even even more > heavily than the right-angled corner. I a 


the « case of city streets, of course, ‘this is not as serious as on highways, Where 
the traffic i is concentrated along theedge 
ably 


the best argument in favor of the relatively long slab is the ; 


| wae apparent: saving in first cost of expansion joint material. “The writer, however, 


a questions: whether within a fom, years, ‘this saving, and more, has not been 
7 in nthe “hot by the ‘maintenance crew. 


7 
te utility, and, in the emeeat' ‘mind, eracks in a pavement, ‘whether 1 raw and 
-raveled | or treated with ‘asphalt, ar are decidedly unsightly. . is unfortunate that 
bi’ logical asphalt treatment serves to accentuate these flaws. 
writer, t therefore, endorses .the practice of of segregating into 


tes sized as nearly as may be to ‘the ideal unit, Probably. te: aire, will vary 


ays 
the correct: 


with conditions, i in fact, all the “conditions having : a bearing 0 on 
| size may not be known as. yet. Some of these | conditions a 
temperature, character subsoil, width of roadway, sition of loading con- 
het centrations (if defined), and the correlated consideration of slab shape, which 
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Papers.) $iseelh ON HEXAGONAL DESIGN or CONCRETE PAVEMENT 


of these eondltions perhaps: the ‘thst ‘important is 


‘area may be fixed by the formul 


ng A= area of the slab, in square feet; oT 
of depth of the pavement, in inches; and | fp 


atl togmottg 3008 y _/temperature range, in degrees Fahrenheit aT 


For a local ‘temperature range of 100° this , would. set maximum size of a 


Tin, ‘pavement slab at : 350 sq. * and for a range of 140° at 210 sq. ft. 
grade conditions in any given locality, of course, enter into this determination. 


The foregoing values seem logical for the local conditions, a nd this rule should gy 
be followed only when the ‘slab is compact in shape, preferably hexagonal. 
the minimum ‘slab ‘area is fixed by a jes will bol weight of 000 


Be? 


whereby slabs | may be intelligently designed rather than merely jointed pond 
ing to some custom that may | have been established under dissimilar c conditions. a 
Hooper* probably, would not } have considered his objections to this type 
applicable or had he had opportunity to watch closely its devel- 
opment, and { the apparently highly successful performance of the resulting 
improvement, His cor comment seems to | be directed chiefly at this. 

applied to narrow street or highway pavements, as shown i in ‘Fig. 6,t a 


= 


missed the of the increased transverse section at mid-— 


6 in, thick and ¥ was built on. a by fill of from 6 to 35 ft. in 


Ege slabs are. slightly in excess of the allowable area as determined by the 


formula, being 314 | 84. Since this improvement shows no signs of struc- 


7 tural defect after twenty months of this usage, it is considered reasonable ib, ee 
% proof of the fitness of the design. The writer ¢ doubts whether any other type 


of 1 pavement at the same, or: nearly the same, cost would have proven. as satis 


oY The rhe theory: "Mor reaver, 
Th 


e author compares the 6- -in. . hexagonal a with the 7-in. ‘rectangular 


‘comer, which no doubt is ec The however, cannot 


of pavement nt of ‘hexagonal ¢ design ix in the interest of first cost ec economy. 7. Iti i 


"thought ‘that, “except in rare cases where maximum es is fixed for all 


survey 
m 
is 
— 
~ 
g 
| 
— 
street three, four, or five panels in width. Certainly, the wider the 
ay i 4 
a — 
— 
| 
2 
t Loo. cit., November, 1925, Papers and Discussions, Dp. 
a. 


time, ity is better. practice to maintain. depths heretofore considered standard | 


(IF 


and enjoy the increased value the improvement by reason of the design, 
rather than to hold to capacities of existing standards at reduced cost. In 
this connection it may be ‘remembered that ‘the structural value of the s slab 


- whereas the cost does not quite 

has 


value. 120° corner has been found 50% stronger than the 
90° corner under cantilever loading on sub- “grades, is doubtful if this value 
can be ignored by. engineers. While it is questionable heather this type, wi il 
immediate acceptance by designers, | because sm i engineer 
is a virtue, the writer ventures the Pre ition that th nis rinci le will find 

favor when it has been investigated in ‘theory and practice as thoroughly as 
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STRESSES IN 


HELICALLY REINFORCED | CONCRETE COLUMNS ati 


Missac THompson, Assoo. M Au. Soo. pase ail) ul 


( 
Missac THompson,t Assoo. M. Au. Soo. (by letter) 4—This paper 
with its tabulation of experimental results, is certainly of interest to all en gi- 
“hers concerned with the design of concrete columns, Tt would haye been far 


‘more interesting from a designer’s point of view, if some data were included as a f 


to measurements of the actual shortening o of columns under working loads with» 
and without helical reinforcement. ‘There has never been 1 any real ques ion 2 


in regard to the Seiki A of helical reinforcement as far as the ultimate oo 3 


§ 


safety is to against (1) poor ‘conerete; ‘and @) 
flexure due to unbalanced loading, rigidity, unhomogeneity, 
It obvious that the latent strength of helically reinforced conc 

columns serve to good. advantage: when the ‘concrete is poor, but. 


against flexure it will be of little use, Itisa matter of indgment for a designer 


to decide “when to rely on ‘helical rein forcement, one “and two-story 


‘building columns the effect of flexure i is important and, therefore, helical 
"reinforcement is out of place. In‘a multiple- story building, however, the 


* (sit 


- effect of poor conerete is more important, ‘hence. helical reinforcement serves fe 


a reinforced concrete structure the unt ‘of flexure to acolumn 
‘is is indeterminate. The writer’s observations on the behavior of 


concrete columns makes him skeptical about results based on the rigid prio 


theory, The construction joints materially change’ the results. The actual 


“flexure on interior as well as exterior columns is invariably much less than 


that | given by the rigid frame theory. © Moreover, shrinkage, unequal settle- 
ment, temperature change, etc., will develop flexure in columns that could not 


be computed by any reasonable ehadHy’ In columns the reserve 8 strength hagainst 


flexure as well as against direct load is the only basis for proper design 


--—-s« * ‘his discussion (of the paper by A. W. Zesiger, M. Am. Soc. C. B., and BH. J. Affeldt, Hs a 
Assoc. M;'Am. Soc. C. B., pubiis hed in January, 1926, Proceedings, but not presented at any 
meeting of the Society) is printed in Proceedings in order that the views expressed niall 


brought before. all members for further discussion, | . 
4 Engr. and Builder, Brooklyn, N.Y. 
Received “by the Secretary, ore 
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THOMPSON ON HELICALLY REINFORCED CONCRETE COLUMNS [Papers 


elf within the limits of the same factor of safety as is used for other parts of the 

It is to be noted that even if th le pressure on the cross- section. of the 
oh Me cosy is not uniform, a: as long as _there is no reversal of stress on any part 


of the column, the resulting lateral elongation | (and, consequently, ‘the stress 

in the spirals and the resulting resistance to shearing failure) will be the 

same as if. the pressure was uniformly distributed over the cross- section, 


T herefore, i in that case, helical reinforcement akc useful to a certain extent 

rovidin against flexure. | 


bs In the « case of direct load and flexure such as will not cause any reversal of 
ress in any part of the column, the author’s reasoning regarding the benefit 


of helical reinforcement still holds, except that V of Equation (21)* must be 

reduced by the ratio of average to maximum stress. 
a ion a 

ae. ~The authors have » disregarded the fact that, as the column shortens, each 

spiral eoil lengthens by an athount: 


umber of coils peru unit of height [soiled duod 


Iti is evident that, for columns 20 in. Or more in diameter, this omission is 


cred 


of no consequence, but for smaller columns it affects the results considerably. 


ar 

Generat Theory general _Feview ‘om | theoretical standpoin of a 


under axial load i is of interest. Consider a homogeneous 


column with hinged ends loaded axially 


= least moment of inertia of the column section; 
g 
perpendicular distance the fiber _the neutral 


axis on which: 3 ta en; : 

= maximum deflection of the column under axial load ; 3 ‘ 


M. = n 
= extreme r stress; Ry 


= factor of safet ty. 
Refe rring .to Fig. 7, the when bent, is subject to a positive moment, 
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* Assume the curve to be so flat that — = I hee vsperve (33) will reduce to : ae 


Be sit! Hott? { 


4 When X = 0,¥= 4, = 0, and, therefore, al = 
ety 
_ of a io on. A preqip P 4 


The maximum stress in the for 6 paix i 


in which, S = 


‘Giving P in terms of | the maximum deflect ress in 


wi i 


mf 


se 


sin-? —- = + - 

aio the # ave ty (r? +4 c) E 
om: | When X= ¥ = 4, and from Equation (40) 
oment, Pew. Bat Lake city, 
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From Equation (41) it is evident that, n the 


deflection center of the = 0, that when u ere is 


? 
“‘epeaia deflection at the center; for values of u << —-,;— » the deflection is nega- 
wi Un eolumn, the mauling on tly, the 


Substituting the value of 4 from Bauation in ‘Equation (39), pet 

1—Axi ally loaded homogeneous co umns do bend long as 

lals 


—When the average stress, >the column begins to buckle 


the ‘maximum stress” increases and continues to, increase with | the deflec 
.* = tion without any change i in the average stress. In other ‘words, once a column unde 


are 
ye buckles it will continue to buckle without increase in the load; therefore, it is of tT 
not a structure. The preper conclusion is that for stability 
less than in which, K, is a r factor of safety 
(eR aking 4 as the proper value for. K, 2 000 000 as the proper value for EB, ae 


4 


and 500 as the proper value for —, the ratio of the length to the diameter of a arise 


round column must not exceed 25; and the ratio of the length to the ‘side of a Bt 
j Db “Square c column must not exceed 29. Within these ratios of length to ) diameter ‘tion, 
or side, the: crushing value of ‘conerete or its ¢ resistance 
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TAPORATION ‘ON UNITED STATES RECLAMATION 


S. + M. Am. Soo. 


n on this sub- 


ject, and the to be by the Society’s Special Committee on 
Irrigation Hydraulics will be welcomed. 5 De: is to be hoped that this will be = 


a ‘The author is to be. complimented « on having assembled: his information in 
such good form. As ‘stated b by the obtaining of dependable informa 
t tion has been attended by many circumstances affecting the reliability of ‘the 


records. ‘To one not familiar with this. subject it thighs seem that it should be ion 
simple matter but it is far from simple. 


No mention is made of. precipitation. | The “elieves that = 
: information should be furnished in ‘this connection. — 


‘information ‘ig desirable’ as. to. method of pena, ‘that 


Ww hether water is added daily, weekly, monthly, ete., to keep the water level 


up to: a fixed mark. As the keeping | of records f for a ‘floating pan is much more 


‘difficult ‘than a land pan the values between floating. and: lan 


M. “Ant. Soo. OF. letter). paper pre- 


2 


sents a mass of valuable information on a | subject that i is of especial importance 


ip tii 


“to hydraulic engineers in ‘the Western States, and in “regard to which exist- 
ing literature is meager. ‘The measured evaporat jon | from ice. is. the only 
record of ‘that kind the writer has seen. pee, ¢ 


bh an 
‘(ot the paper by Ivan B. Houk, M. Am. Soc. C. E., published in Janu- 
ary, 1926, Proceedings, but not; presented at any meeting of the Society) is printed. in 
_ Proceedings in order that the views expressed may be brought before all members for further 3 
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LLANSBEE ON EVAPORATION ON RECLAMATION PROJECTS» Papers 

‘The records as the Loa. has given them A evaporation measured 

in 1 pans of different sizes , either : set t in 1 the ground, ; resting g on top « of ‘it, or 
floating in ponds and ‘reservoirs. sy Tn the form given, the records are not all 


‘comparable, n¢ nor. of them represent. directly the evaporation from 
surfaces, the ‘phase e of evaporation. fret chiefly the hydrau! ie 


TABLE 5. Factors ‘to Repuce OxssErvep Evaporatio 


To RESERVOIR EQuIvVALENTS. 


Class A Station, 4 ft., circular, 10 in. deep, on ground ous 
8 by 8 ft. by 18 in., floating ‘ 
6 ft., circular, 2 ft. deep, set in ground 
Class A Station, floating 
ft. 22 in. deep, floating 


hav ve been called “reservoir equivedinta? or the corresponding wingiieatbias from 
F - the surface of a large body of water, under the same conditions of temperature, 


relative humidity, and wind velocity. The most comprehensive experiments 1 to 
determine the proper reduction factors for pans of various diameter, depth, 
and immediate surroundings were those made by the Office of Public Roads, 


aad Rural Engineering i in Denver, Colo, from November, 1915, to ‘November, 
TABLE vay Mowry Evaronanios, 1 IN Inoues, Repucep | 


bee ja ‘aT to Reservoir EQuivaLenrs. od b fudde th 


Park.* | Butte. ‘Roosevelt. citrus. evaporation, | Provo. 


== 


; 


Called “Agricultural College” in Weather Bureau reports, 


916.* The « comparison between evaporation from a Class A pan pan . and a 12-ft. 


pan has s been chec ked by experiments, made by the Geo eological Survey 
Escalante Valley, near Milford, Utah, during 1925. 


The factors of Table 5, applicable to most of the records, 8, have. 


OF 


"either been taken directly, or deduced , from the experiments, 
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—Mean MonTHLy Reservoir EQuivaLENnt ‘FOR -Evapor 
IN AND ADJACENT TO. Couorapo River Basin.* 


equivalent, . lequivalent,| ture, in 


‘Fahrenheit. | per hour. || vd | ahrenheit. 


WAGONWHEEL GaP, CoLo., 1920- oma: Sante Fe, N. 1918-1914; 
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Ree 


(3. 1) 1, 


from 


23 
36 
46 
57 
66 
72 
61 
48° 
34 
20 


f if 1 you 


©. 94). % 


* Unpublished records furnished of 8. Weather. and BB. 

Wagonwheel ‘Gap: oo 
near-by slopes, one having a en Pone exposure, and the other a moe ine exposure. Seton : : 

- A Station: Santa Fé: Records for 1918-14 taken r floating pan, 3 by 3 ft. by 18 in. “ 

 - reservoir, 1 mile west of city. Class A Station established in open space on edge of city 2 

- in 1916. Farmington: Floating pan, 3 by 3 ft. by 18 in., on slough near city. Piute Dam: <9 

Class A Station in Sevier River bottom, 8 miles south of Marysvale. Piute Reservoir, 500 ft. 
south, and Sevier River, 200 ft. southeast. Mesa: Class A Station in alfalfa field, 1 mile ss 

olin of Mesa, in Salt River Valley: Lees Ferry: Class A Station in canyon of Colorado 

Be 10 miles south of Utah line. Walls of canyon distant 100 and 200 yd., respectively ; it 


5.95 


river, 400 to 600 ft. wide and 140 ft. distant from pan. Willcox: Class A Station in alfalfa 
field, 3 miles northwest of town, in north central part of Sulphur Springs Valley, which has 
‘nearly level floor, 9. miles wide. .Deming : Floating pan, 3 by 3 ft. by 18 in., in pond of con- 

size. Yuma Reservoir: Floating 3 by 3 ft. by 18 in., on ‘railroad ‘Teservoir 
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Fahrenheit -tuod is in inches. Fahrenheit. | per hour. 
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‘Yuma Resenvor, 1908, 
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It will be n noted from Table 5 that the factors for the Class Ay pan, floating, 
set in the ground, show a ‘relation ‘comparable with that cited by the 


—§ The writer has recently made 2 a study of the evaporation. records | in, and 


of the records of the. author (Table who used data 
to. inclusive, in n de 


records to 
‘The addition | of two years: more very, little change in 


mean. monthly, ‘temperatures and wind ‘velocities as originally given, “and 


addition to the Retlanetion records, ities has compiled: records 


(Table 7), from nine evaporation stations . in the Southwest, “maintained by 


“various ‘organizations, giving the niean monthly, reservoir of these 


records, together with temperature and wind ‘velocities. 

“obste On an average 50 lo of the evaporation at the stations noted in. Table 7 


occurs during the 4-month period from June to September, © ari 


. ‘Soe, C. B., January, 1926, Papers and Discussions, p. 44. 
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sik at ‘the is greatly by the slope 

com ements ma e on a ‘lope having a 

_ the direct rays of the sun for a shorter period than the latter, and the resulting ae 


difference’ in temperature and relative humidity is strikingly shown by the 
‘he two slopes” during the: period from Ju une for 


Table 8 shows the mean n monthly values, each ¢ covering ; records: of Senn; for 4 


TABLE. (REsERVOR EQuivaLENT) | on SLOPES OF Norte HER 


AND SourHERN: Exposure AT Gap, Coro, 


Souther exposure. 


5.48 


Reservoirs of any size at the higher altitudes are 


rounded by slopes of both exposures, and - the evaporation. from: the: water 


surfaces will approximate , the mean of the values for each slope eee 

In the arid ‘Southwest the factors influencing evaporation any given 
n have a relatively small variation from year to year, _and this causes a 
small variation in ‘the total ‘evaporation for each ‘year. Table 9 shows the 


centage of mean evaporation measured each year at Farmington, . Mex., and 


TABLE 9. —Vanrarion IN AT N. ‘Msx., 
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EVAPORATION ON RECL [Papers, 
The, = attention to the need for f x relative humidity 


data at evaporation stations, In: none of the records given by him are strictly 


fi comparable relative humidity records. available, as the only records presented 


A “were taken some distance away under different, conditions. Being at regular 
3. Weather Bureau srationt, they were presumably taken at a point some 


writer agrees. with the statement that a careful study 


.- meteorological conditions must be made before evaporation data obtained 


in one locality can 1 be used elsewhere. Unfortunately, records of wind velocity 
obtained at regular U.S. ‘Weather Bureau stations are not directly comparable 
h 


wit ‘wind velocities recorded at ‘the Class Weath er Bureau evaporation 
former are usually taken on the roofs of buildings from 35 to 
fy 60 ft. above the ground and the latter are taken 2 or 3 ft. above the ground. 


Table 10 vented a = comparisons between wind velocities i in the two , classes of 


TABLE 10. —RELATION OF W AT ATIONS. 


4 LA 


‘Near ground. Regular’ Weather Bi Bureau. 


3 


Wg tol erotost | hire of} al 
The chick factors influencing the rate of evaporation are relative humidity a 
temperature, and wind velocity, and these factors are so interdependent that it 


i) impossible to make, with any considerable degree of accuracy, a comparison 


between evaporation in in different | localities, based on a single factor. 


Since the 1 rate of evaporation depends primarily on the capacity of the air 


to absorb additional moisture — which, in turn, is measured by the relative 


humidity, it it is s possible that if records of the humidity, taken close to the me 


urface, were available, a a relationship between it and the rate of evaporation 


are. 


The interdependence of ‘temperature, relative humidity, and wi 


is well illustrated by the three Yuma records. While the n mean annual tem-— 
"perature at the different stations varied | by only 4°, reservoir equivalent 
of the observed evaporation varied from 53. 8 to 81.3 in. ‘Although records | of 
relative humidity « are not available, it is known that they must have been ec on- 
siderably higher at the evaporation station jin an alfalfa field “near the ‘Tiver 

than. at the: railroad “reservoir, and still higher than at ‘the citrus: station 


| 
situated on a | barren mesa having a wind velocity 85% greater, 
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ON EVAP RATION ON RECLAMATION 1 PROJECTS 


. I. E. (by letter).t— 
Meni Aw. (by letter). compilat ion on 


vaporation given by Mr. Houk fills a large’ void in ¢ engineering literature, — 


and his extensive tabular data should find wide use, when. 1 reduced by. ‘the 
proper coefficients to open- water conditions. One “valuable feature of the 
"evaporation records on Reclamation: projects is their general standardization Bit 
another important feature i is the duration « of the records, largely ranging from 
five to sixteen’ years. ‘Hereafter ‘there can ‘be little excuse in ‘the Westem 
United States for the evaporation vagaries resorted | ‘to in the Lake | ‘Conchos 
locity. studies of 1915,t and the Southeastern Oregon, Duty of Water 
ation 7% It is to be regretted that a few additional ‘pages were not devoted to the 
"relation of data to open- water surfaces, together with the x neces- 
coefficients for reducing various” “types of ‘pans and tanks, to 
basis. While such material is meager, is correspondingly valuable. There 
| _ is a pressing need for additional £ field laboratory studies to check and confirm ne 
: ~ the present incomplete data on coefficients of reduction, for [ pans and tanks of \ 
various types, to open- -water surface conditions, 
> Epecially is is a check needed on the Sleight da data secured at the Denver — 
Field Laboratory in 1916.|) Such. check work should be done in a different 
- climatic area. It is cltiaile: desirable that the relation of data secured by 
Olass A land pans be checked, and that the relation of Class A floating pans nS 
_ be determined for open “water conditions. 4 88, 


mS Coefficients of Reduction for Evaporation Records to Open Water Sur- 
faces.—During 1916, R. B. Sleight, Assoc, M. Am. Soe. C. E., Irrigation Engi- 


nee r, U. S. Department of Agriculture, conducted an elaborate series of field — 


“most comprehensive data. in this field of endeavor. “The field 


was situated in open prairie country, and the investigations covered a period 


a ‘Table 11 contains coefficients of reduction for evaporation records to open- 


tive water surfaces, taken therefrom. In. three instances" coefficients. of reduction 
er been interpolated by writer from the Sleight data and are properly 
noted. Mr. Sleight qualifies** i the use of his coefficients of reduction as follows: : 


“Data on suc ks may be safely extended to large open water surfaces 
exactly of wind, air. temperatures, and _Telative 


umidity, by multiplying the evaporation depth by the various coefficients.” 


* Special Deputy State Engr., Denver, Colo. te 
Received by the Secretary, February 6, 1926. 


Stua 1€ vaporatio1 08, Mexico,” by Edwin 
_ Duryea, Jr., Am. Soc. C. E., and H. L.. Haehl, Assoc. M. Am, Soc. C. 
Am. Soe. GC. B., “Vol. LXXX (1916), p. 1829. 


oaks “Determination of the Duty of Water by ‘Analytical Ww. Cc. Hammat 
M. Am. Soc. C. E., Transactions, Vol. LXXXIII (1919-20), p. 200. al no 4 


"Evaporation from the Surfaces of Water and River Bed Materials,” rR B. Sleight, 


‘Assoc. M. Am. Soc. C. E., Journal of Agricultural Research, Vol: No. 5, July 
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1. OF REDUCTION, EVAPORATION. Reoorps 


: MEEKER on oN RECLAMATION PROJECTS 


Lanp Tanks AND Pans. ifts loge, 


2.0, diameter| 0.77 =|Tank set in ground to depth 2.75 ft. 
4.0, diameter | . - /Tank set in ground to depth 2.75 ft. 
f 8.0 6.0, diameter _|Tank set in ground to depth 2.75 ft. 
te ‘8. 9.75 diameter Tank set in ground to depth 2.75 ft. 
|12,0, diameter | |Tank set in ground to depth 2.75 ft. 
i 6,0, diameter set in ground to depth 2.17 ft. 
0 | | 6.0, diameter Tank set in ground to depth 1.75 ft. 
Pan set on timbers on ground. This 
(0.88t 0, diameter | 0.6 pan is used at Class A evaporation 
ank set in ground to depth of 2.75 ft. 


nd he sh adt jad Pan set in water‘and protected by raft 
8 by 3, square to reduce wave action. Thisis U.S. 


 Gireuiar: i ull, haa, Geological Survey floating standard. 
r 


depth of 7 in. 


0.88t 4. 0, diameter 81106 0. Pan water ; submerged to 


_ . * Data from Denver Field Laboratory located at Elevation 5346, open prairie land. Long- p 

climatic records at U. Weather Bureau in town section of Denver, located on 
of office buildings, are as follows: 


‘annual temperature, in degrees Fahrénheit. ...50.1. 53 years 


annual precipitation, in inches 
Approximate interpolation by writer from Sleight data. 


A 
Confirmatory Data on Coefficients of Reduction for Evaporation Records 


e Secured in Tanks and Pans .—Confirmatory data ‘on coefficients of reduction 
various types of evaporation pans ‘and tanks are meager. Table 1* contains 


en sul records of an evaporation station Nelson Reservoir, Milk River Project, 


a a ‘Montana, which offers a rough éuitribatin'S the Sleight coefficient of 0. od 


for 4-ft, circular land pans, 10 in, deep. od alist dove oo pis? 
te Nelson Reservoir Station simult 
land and oating pans of the same size (4-ft, circular, 10 in. deep) for a 


period of 6 ‘months, “covering 3 years. ‘The ‘Nelson Reservoir’ data’ give 


of 0,68 for the reduction of records secured in a land’ pan + ft. | 


diameter to of the same dimensions. This onl roughly 


coefficient of 0 66. ‘because the fh is 
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not the equivalent of an open-water suriace, but 1s still subject to. a slight ive 
uction to represent open-water evaporation. 44 
. B., January, 1926, Papers and Discussions, p. 50. 4 


"MEEKER ON EVAPORATION on RECLAMATION cTs Zt 
Evap ration Date: Reduced for A pplication to Open- 
Table 12 contains evaporation reduced for application -open- -water 


surfaces. ; It i is derived ‘from the ‘evaporation ‘records submitted by Mr. Houk ‘ 

from the evaporation records “submitted by the i writer in ‘Table 
~ Columns (4) ‘and (7) contain the i important data ‘used. in reduction to open- 
water “surfaces. Column (4). gives. average yearly. records of evaporation, 


from depths, in inches, ‘to depths, in feet. Column g gives the 


“open- water: surfaces, and is ‘the applging the in 

the. incurring criticism because of. the paucity of reliable 

information concerning proper evaporation pan ‘coefiicients, the writer has pre- 

pared Ta Table’ 12 primarily as ‘a step i in ‘the correlation of evaporation ‘records 

with mean annual temperatures. Records from Mr. Houk’s | paper have been 


aed only where there are yearly records for a of several years 
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Evaporation i in Feet per Year he 


EVAPORATION WITH MEAN ANNUAL FOR OPEN 

WATER SURFACE IN WESTERN UNITED STATES. 
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Partly sheltered 
fro 


ne 


4 

barelasion of evaporation with mean annual temperatures ind, “guide 


lines” “for the determination of yearly” evaporation” values from open- -water 


surfaces. It should clearly understood” that the “guide lines” represent 


average conditions, and that: the plotting | of. individual years with mean annual 
temperatures would show a wider: dispersion,» The heavy straight lines repte- 


sent approximately a average, conditions of evaporation for various mean 


temperatures, the right and left of these heavy: lines ‘are lighter parallel 


_lines:which roughly set the limit of maximuni and minimum values. 2 
4 of Table 12 will show that the minimum’ line is*controlled by data at stations — 
where” evaporation ‘values ‘are ‘largely reduced because of special protection 


either artificial or natural. ‘The ‘maximum etn 
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TORPEN on EVAPORATION ON RECLAMATION 


_ The ‘upper end of ‘the heavy ‘ “guide lines” ‘is controlled by data. for 1 mean 
temperatures between 60 and “70° anc care applicable. to 
ee conditions. — The | lower end of the heavy ‘ ‘guide lines” ‘is controlled 


d 


by evaporation values : for mean annual temperatures between 40 ‘and 50 degrees. 
The ‘evaporation values taken from Fig. 5 are gTOSS and in applying 


traction of yearly precipitation values in order to determine n net ‘evaporation 


values for the water ‘surface v under consideration. = 
{ 
‘The straight line relation, defined by the “guide line” , is not offered as a 


panacea or any and all evaporation determinations where no records are 
allie: | Fig. Bis offered as as a guide for the determination of maximum aed 
minimum limits correlated with mean annual temperatures, and | 


the ground for a decision | as to the probable average yearly 1 values, assuming, of 
course, that consideration be 1 given to local conditions obtaining at the Teser- 


_-yoirs or bodies of water where evaporation values are desired. Where time and 


“other considerations the determination | by field laboratory 


A study of evaporation in the: elsewhere i in 
rf , shows the danger of making blind applications of existing records 


; Dae to other areas without due consideration of local climatic and physical con- 


- itions in both the areas ¢ of origin and application. ‘Intelligent interpretation 
evaporation data requires careful study of the. conditions under which 


nites This discussion i is intended asa preliminary effort at correlation of all 


AA _ tion records in the Western United States. ’ It is hoped that Fig. 5 may serve 
a as an engineering t tool and guide to further efforts and studies along this ae 
‘Table 18 is additional on to supplement Table 1. 

-Houk and Debler have performed a notable task i in ¢ compiling evapora- 


tion records for for rola six stations: ; they deserve the thanks of the Engineering 


4 


_Torren, Rao. Cc. E. (by letter). t— -This subject is gen-_ 


"eral interest in the West. % All available d data ‘should be forwarded to the Spe- 
cial Committee « on Irrigation Hydraulics for its. use. From all the d data  col- 


it is hoped the ‘Committee w vill be able to formulate definite rules. and 


- instructions | for ‘the: use of, say, three standard types. of evaporation pan in- 

stallations, namely, floating, on the ground, and 10 Ses. above the ground, — 

and specify a factor to use with ‘each - type in determining the probable eva 


From: Table | 2,4 it is that a single year’ 8 recor 


within a range of 12. 5% of the yearly mean. Such a 1 record, has 


Reseived by the Secretary, February 8, 1026., 3 


Am. Soc. E., January, Papers Li 56. 
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Papers. TORPEN ON EVAPORATION ON RECLAMATION PROJECTS ee 


~The Cushman Storage Reservoir, with a capacity ‘of 450 000 acre- -ft., has 0 
Se maximum surface area of 4000 acres and a minimum area at full ‘draw: 
ee of 2000 acres, with a probable yearly mean area of 3 650 


hydraulic studies of the probable yield of the reservoir for power 


mean annual of 86 in. to be liberal for the 


Project: Cushman Power Project. prawes 
_ Dimensions of Pan: 10 Inches by 4 Feet, Circular —" 
- Records: 1925 (Water Year) October, 1924 to September, 1935. ; 
Remarks: No Wind Obstructions; Pan Kept Half Full ; , 6- ‘Tach ' Stilling Wellin Center of Pan. 


Evaporation, “Cushman. at |wind, in miles Relative Precipitation, 
in inches, at per hour, at | percentage, in inches, at 


Cushman, Tacoma. | Tacoma. Cushman. 


wut 


\ : 
January! | 


July 


: tat 


‘Totals and ‘means. 26.27 


we The year’s. record, (Table 14), taken at Cushman for a check on this. as- 


sumption gives a ‘floating-pan evaporation of 26 in, and indicates that the 


WAS 


36 in. assumed was high, It is probable. that the e evaporation f from the reser- 


voir is is not the same as from a floating pan. The writer, hopes the Committee 


be a le to arrive at. the proper. factor: to ‘epely to pans in determining 
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lo IRRIGATION | DEVELOPMENT: IN THE WEST 


for the water cos fone 008 Yo gett 


might guide Rue", Jia net offeredsas 


By Massrs. SAMUEL Fortier, ArtHuR P. Davis, E. GRuNsKY, 
AMUEL icy M. Soo. 0. E. (by letter). hat may be regarded 


as the most general Yee policy « of the United States ‘is that the cost of 
building, maintaining, , and operating irrigation works is a direct charge against 
the land benefited. ‘The general character of this policy may be better under-— 


- stood by a brief reference to the methods.followed by each of the several agencies : 
‘ engaged in irrigation development, , These include individuals and groups 


_ of individuals; (2). operative or mutual’ “companies; ‘commercial com- 
panies; (4) irrigation districts; (5) the U. S. Reclamation Service now the 


Bureau of Reclamation ; (6) Carey A ‘Act t companies ; and (7) ‘the U.S. Indian 


oh’ 


ing ingly, in’ ‘partnerships, o1 or in organized bodies, pay for their irrigation 


constructs;and operates t the canal system 


iis 
and sgarate the system by the annual collection of water sale 
sof water rights having been prohibited by the laws of many Western, States, — 


commercial companies ‘now deliver water to farmers at rates fixed usually — 


by some authority. Under | authorit nferred by the State the 
gation district “may bond the lands of the this way secure 


“a money to buy or build works. "Sooner or later, however, those who own the 


 irrigabl e land withi n the district are obliged bo all’ the indébtednéss in- 


ae The same principle is embodiéd in both’ the Carey and ae ‘Acts. 

i" In the former, the Federal Governing! onates the land to the State on con- 
dition that it be ‘reclaimed. ~ ‘The State in turn makes use ir the corporation 


as a reclamation agent to provide capital, ‘construct works, and pro-rate the 


cost over the lands reclaimed. Under ‘the terms of the Reclamation Act the 
ie. Government takes the place of the corporation in the Carey Act in financing i] 


his discussion (of the paper by John A. Widtsoe, Esq., presented at the Summer 
4 ar 3g Meeting, Salt Lake City, Utah, July 8, 1925, and published in March, 1926, Proceedings) is — 
printed in Proceedings in order that the views expressed may b be —" ‘before all members 
+ Senior Irrig. Engr., Div. Agricultural ‘Eng., Bureau of ‘Public wu. 8. Dept. of 
by the | Secretary, 8, 
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of the funds, comes under this country- ‘wide policy since 


large part of the funds expended by the ‘U. ‘Ss. Indian Service on the con- 


nitude, ‘should properly be classified other property: to farmets. 
This: conception ‘of irrigation—and it is believed to be the true the 
construction 


— 


tions’as the property of the | farmer; its ‘character ias regards ‘cost, durability, 
and efficieney; the profits to: be derived from farming; and the. ability of the 


average farmer to redeem a farm mortgage. 
to the U. S: Census of 1920 the total tehweene 


ic animals 
{i 


“mere are nearly 6 500 000 fan 


well grasp their aggregate value; but some idea of their true status is readily re 


obtained | dealing with averages, ‘Thus, ‘the average value farm i ii 
1920 ‘was $8 503 for and; “$1 "81 for buildings; for implements and 


_ machinery ; an 1243 for live stock. The average mortgage indebted edness 
as accurately _ as it could be ascertained was $3 356, ‘leaving an equity of 


88 728 per farm. A further. analysis of farm Property shows. that the farm 
mortgage, debt, quadrupled from 1890 to 1920; that farm dwell- 


piu as a general ‘tule are inconvenient t and, unsanitary, and are lacking 1 in 
both comfort and taste; that buildings, which, house stock. and 


ures generally 
are, of.a om when compared. those. civio and devel- 


: din regard, to the average net income of the farmer in the United States, 
preponderatice of evidence goes to’ show that, it is-low. According to dat 


ected by the U. S. Department of Agriculture prior to 1917, on 266 farms $ 


nto: ‘this tule is the Indian and even he, when a 


New] Hampshire the’ farmer received on an average $337 for his year’s 


work, fairly prosperous rural: ‘corimunities Chester County, Pennsyl- 
average ‘yearly income of 378 farms ‘was’ $789. In three districts 
located in Indiana, Illinois, and Iowa, respectively, the ‘average farm: income — 
was? $870, and’ the average income on | 69 irrigated’ farms in’ the Salt Lake 
alley,’ Utah, was $417. To these i incomes should be added the food’ and fuel 
derived: from and consumed by the family living ‘theréon' as 


Papers.) HISTORY OF WESTERN IRRIGATION DEVELOPMENT 
constructing: works, but the expenditures, less the interest charge, are 
Bis assessed against. the lands ben 

This policy is not) only general but fundamental, for so long as it is’ in 
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‘the shelter by farm dwelling. . to the same 
the average total farm i income in 1922 on 6 094 farms located in porte par 


the ‘year period from 1912 tol 1922. These cover 26 in 
per acre, bluoda ebutic 


In contrasting the achievements in development during the 

years with the policy herein o outlined, it is. at first difficult ‘to under- 
. stand how so much could be done with funds derived from the profits of i irri- 

farms. A brief review of this development. and its noteworthy -achieve-_ 


ments discloses the fact that farmers have received since the ; 


gation farming, as. will be shown later, only a iss was ‘0 o paid. sect ace 


The pioneer : found fertile river bottom- lands that could be watered readily 


- from tributary streams and both the stockman and the farmer were able through — 4 


thee individual or those. of small groups their class, to establish 
lomes supported in part at least by y the 1 products of irrigated farming. i ‘he | 
1750000 acres, approximately, was thus. reclaimed without ai aid rom 


outside sources. — _Those who owned the land controlled the water and as a rule 7 
ak profits were derived from a union of cheap land and cheap, water. The | 
nd inexpensive methods of the ‘pioneer, however, were not adapted 
the higher bench lands, which frequently involved high 
“diversion. dams and long lines of main canals. through rocky. “canyons and 


along steep mountain slopes. Therefore, when e lower lands bordering the 
‘streams had been irrigated another ageney had to ‘be found’ to finance and 
construct the larger and more costly works for the irrigation fof. the higher 
bench lands, 3. It: was at this juncture in the late Seventies that the land and 
waiter: corporation entered the field and for twenty-five years. continued to be 


the main agency in the irrigation development of the ‘West. 


‘of desert lands had been demonstrated and this, in. turn led to far-reaching 
possibilities along the lines of land ‘settlement, rural and urban development, 


transportation, industry, and commerce—in ‘the possibility of building 


an empire ina land that was thought fit o nly for he : abode | of the buffalo and ~ 


saw “wonderful for profitable investment. 

companies, secured -eapital from America. and foreign countries, filed..on 


water supplies, acquired irrigable lands whenever they could be had) at a low | 


and proceeded to build canal systems, with 1 the optimistic belief. of. at- 


Received in? the Seeretath, Daly 


‘Tt was due to the ‘successful e efforts of the pioneers that the: produolivity 
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ers.] 

ti years the teats of water rights and the col-_ 


lection of water rentals. © Those who invested ‘money ‘in’ these enterprises 


realized after it was too late that the bulk of the lands under these hae 
tems were held by speculators who would neither use > nor pay for water, that is 


‘the Bona fide settlers ‘were few in number and possessed of little means, that 


‘maintenance and operation of canal systems were costly, and that it was 
be fy of a generation rather than a few years to establish prosperous com- oi 


the ae Few ‘of these commercial enterprises returned | any ‘interest to the investors — 


in 1 the large majority” of cases much of the principal was | ost, ut the 
7 systems remained and a large percenta ge has since “been by the 


farmers ‘under theth at a valuation much below the: original cost. 
The financial failures: of commercial irrigation enterprises: which occurred 
"1870 to 1895 ‘repeated by Carey Act projects from 1898 ‘to 1914. 


main provision of the Carey Act is that the Secretary of the Interior 


f 
is. empowered on request “ot the State to donate to the State not exceeding a 

000 000 acres of land, on condition that it ‘be reclaimed and settled. “The 


States accepted th this, offer, were either too poor to” construct irrigation 


m doing so. by. their Constitutions and they 
“sidestepped” the issue by ‘contracting with | companies - to do the work. These os 


to build works ‘supplying water ‘for definite areas of land 


to sell to settlers rights carrying an interest in the works, 


«6: @- —-* 


for construction were usually obtained from the sale of stocks and bonds, bu 
all the security the company could offer to purchasers was a lien on the works 


to be built and on the notes of settlers « covering « deferred payments on water og 
ights. This later security fa failed to materialize on many projects for lack 


of settlers and the result was heavy losses to the investors. It is claimed — 


that only 4% of Oarey Act projects were financially successful. 
were built to water about 250 000 acres, but in time e many of ‘these 
were re-organized into irrigation districts and other enterprises and 

3 e land owners within, them fell heir to the systems at prices far below the a 


@ By the terms of the Reclamation Act the Secretary of the Interior. wo 


authorized | to construct works to provide an adequate water supply for the 
arable’ lands in each project and to return to the reclamation fund, in ten 


‘installments or assessments levied on the land ¢ owners of each 


time of payment to twenty year's, more 


10wever, do not account . for the lag in refunding construction charges. 4 
twenty -two years” of operation of this: Act one finds a construction debt of 
$148 827 844, out of @ total construction cost of $152 566 386, still due the 
_— Ciliaditinets tio Under this Act the liberality of the Federal Government, in 
relieving the ‘settler. of the payment of all interest on the cost of his water 
' right and its leniency in) extending the time of repayment ‘of charges have 


been: ‘material aid to farmers. ‘Projects. 
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ae successful irrigation. and “profitable. crops, and, at the same, time, 3 pay for 


Water rights, succeeded during the pioneer stage when land 
cheap and the ditches | inexpensive, but in the. later stages failures haye 


~ 


been ¢ common _ notwithstanding the fact, a8, has been pointed, out, that they 
have received f from time. to time, from various outside sources, a large amount 


‘ in the aggregate 0 of financial assistance. _ if the profits fr from_ irrigation farm-— 
nt ing have not sufficed to pay for water rights i in the past when conditions were 


favorable there is no probability that they will do so ‘the 


future, under much more unfavorable conditions. Iti is generally conceded that 

_ the easy tasks in so far as irrigation development is concerned have been done, 4 

the, difficult tasks await this and succeeding generations. 


‘A reasonably | accurate estimate of the water "requirement of crops to 
steam ow made by the writer that ab bout 57 000 00 acres 


000 000 ‘acres’ reclaimed one excludes what accom- 
plished since 1919. A large part of the ‘water supply for this acreage, pro- 
_ viding it is ever reclaimed, will be derived from a ‘storage of flood ‘waters 
~and fact, coupled with long canals in difficult and the 1 prepara-_ 


beyond that of recent to: ‘ould no cbs ali 
people of the West may elect to follow one of two. courses: : ‘They 
may decide ‘not to ‘reclaim: by irrigation any more arid land; ‘or: they may 
agriculture. The first course would have few advocates since it is ant only 

_ opposed to the progressive spirit’ of the West, but it is believed to be unsound © 
ae economically. _ Much of the material prosperity of the West is based on irri- 

gated agriculture re and if more land is to be rendered produetive,, rural 
ia growth, industry, and commerce would be at a'standstill. A number of favor- 
ms able conditions and circumstances seem to demand that more food and: eloth- ; 
ing be produced in the Pacific and Rocky Mountain States. isa healthy 
tegion and its invigorating climate will attract and hold settlers. bout 
three-fourths of the total hydro-electric: energy of ‘the nation is to be found 
west of the Missouri River. -Puture | generations will also look to the ‘West 

to supply the bulk of tle minerals needed in industries, and beyond 


broad Pacific ‘and commerce with ts Orient. ‘cot ob 


distributing water. In the majority of cases the building of 1 new works: 
be closely linked with’ the're+ organization;' enlargement, and reconstrue- 


— 4he Lav sses al ars 3 
5. the with its long record of successes, 
In turning wit ideration of the future it would be folly to 
dewelapmenty fo that. have, been acquired at. so 
disregard n suffering. One of the lessons taught by The 
4 cost in money, labor, an ostahblich nronore 
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tion of old enterprises; and if this, truth becomes generally recognized in time _ 


‘it, will, greatly aid ix in the adoption of proper methods and policies for future 


development. _ large number. of Western. communities in . the aggregate 


5 _ reclaimed ¢ as 1 At land as they can, with the use of the summer flow of, streams. 
‘They, have made little progress for years owing to the lack of storage of flood 


With x part or all. of the available, flood waters _gtored, most. of, their 
leaky, ditehea ‘abandoned, and a: much smaller 1 number ‘of good canals built, 


the irrigable | area might be increased from 25, to 100 per cent, These are the 


nuclei, around which, much of extension. ‘of the: irrigated area. is certain 


‘This building on the one hand and remodeling on the other calls for new 


boundaries of irrigation enterprises. By this is meant, the water-sheds of 
streams, All the, water users on the smaller water-sheds should be. amal- 

gamated. under. one organization, and those on the larger,. under. several, 
divided. by natural and political lines of of cleavage... "y present, outside of Cali- 


fornia, there is no type of organization adapted to the inclusion of, all, the 


i irrigable lands of a water-shed when these lands are made up of non- irrigated, 3 


as 


<4 is a wonderful aid i in irrigati isions are ased c on 

the assumption ‘that ‘the lands included come under the same classification 


not being irrigated but susceptible of irrigation. is needed. is 


more elastic organization that ‘will include dry as well as irrigated ands, in i- 
viduals as well as co-operative companies. ey. 


by 
‘providing water ‘supplies for the 30 000 acres or more yet to be 


reclaimed. it is doubtful whether the farmers “who will ‘eventually occupy 
these lands will be able to pay more than 50% of the cost’ of the water ‘sup 


Placing the | average cost at the figure of $100 per acre: 
would involve an outlay of more than $3 000 000 000. ' ‘This amount, large as 
it may seem, is small compared with what the farmers would be required to 


‘3 invest in developing t their lands. “The land and i its preparation, ; farm systems 

3 of irrigation, buildings, livestock, and equipment, for the area under ‘eonsider- 


= ation would cost fully $9 000 000 000. . J udged by the past the enone rom this 


farm investment would be small, ‘but it would place the West on a sound and 
"prosperous foundation increasing its urban population and wealth and by 
greatly enlarging its industries, transportation, and commerce. 
During the past 23 years the Federal Government } has expended, including 
interest, about $170 000 000 in aid of irrigatio: 2 in fourteen of the Vestern 
pe “States. _The financial assistance given by any of the West xn States during 
this period or before has been negligible. 


Federal Government should complete the Projects it has begun and 


its obligations settlers; but, from the standpoint of fairness to other 


sections of the country which great need .of National ¢ aid, it is diffi- 
cult to justify a continuation of, 


24} 


” On the other hand the granting of National or State aid to farmers i 


"attended with considerable Tisk, When done in the wrong way it tends to 


that spirit sturdy ihdepend ence which ha | been nherited from 
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Piz 


¥ = Nation in the irrigation idevidepenelie of the future should be well defined 
and wholly apart if possible’ from that performed by the farmers. this 


~ policy: is to be followed it would be best for the State, acting alone or in 


co-operation with the Federal Government, to build the “necessary storage 
oe works and to Sreyranegens the water thus provided at reasonable rates to organi- 
zations of farmers: This ‘was the policy ‘advocated by the writer and many 

waa of his colleagues twenty-five years ago, before the Reclamation Act was passed. 
If the Government had begun at that time and continued until the present q 

- to expend the funds derived from the sale of public lands in conserving the 

a water supplies of the W est and contracting their use to private irrigation _ 


enterprises ‘on terms’ favorable to the users, greater progress would a 


4 


have been made and the West would have had fewer farmers. spending heir 


- working hours writing Congressmen for payment extensions instead of milking 


_ARTH P. Davs,* Past -Preswent, Am. ‘Soo, ‘E—The 
Mr. Fortiert, that of the total capital investment in ‘Reclamation a 
about $152 000 000—more than $148 000 000 is still unpaid, nee s further 


explanation. From his figures it might be it nferred_ that only $4 000 000° 
oe has been repaid to | date. _ This is far from the truth, for as this money is: 


repaid it is immediately ‘Te- -invested, ‘as provided by la “Normally, “there- 

- fore, the difference between the cabital invested and the amount unpaid will | 
as be merely a reasonable working fund as long as the law operates. dons 
‘The time and place of the origin of irrigation are unknown. ‘The earliest 

ot Assyria, Babylon, Egypt, Persia, India, and practi- 


ally every country of antiquity, bear testimony to ancient and well devel- 


oped practices of irrigation. ‘It is probably one of the oldest, occupations of 


m me an. It is a we ell. established fact that ‘civilization | originated and 


"developed i in ‘an arid region, At the time of the Spanish Conquest i in ‘Mexico, 
extensive irrigation systems: existed, antedatin ng | the earliest traditions of the 
‘oh people using the Traces of such works were found in South and Central 
America and i in New Mexico, ‘Colorado, ‘and California. 
reclamation as a modern activity of the nglo- Saxon race, one of 
chen earliest examples is the Salt Take Valley, ‘Utah. _ The settlers 
? Califo rizona, ‘and New Mexico « tended. the 


"others | were justified by economic: conditions. 


‘Under the physical circumstances of ‘the Salt Lake ‘Valley, 


: streams emerge fi the high mountains, discharging most of their 


during the summer, in rivers and creeks with rapid ‘fall, traversing wide 


fertile > plains with considerable slope, irrigation presented ‘advantages, which 


| quickly recognized and successfully developed by ‘the “Mormon leaders. 


es any ything that wor divert. be 


Municipal Utility Dist. Oakland, Calif. by aap: 
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‘ _ The hardy pioneers carried out these ‘methods of using the smaller streams 
n the lower valleys which they traversed, and, i in the aggregate, cultivated 


a great deal of land and produced large quantities of forage. These enter- 
- - prises extended to all the States in which favorable conditions for easy devel- ; 


iy 


opment could be found, but these sites. ‘were gradually exhausted. The unreg- 
ulated water supply, declining during July, August, and September, would a 
accomplish only a fraction of the total possibilities of the stream, and, to. 


increase this supply, large storage reservoirs: "were necessary, generally 


regions difficult of access and requiring large investments. Other streams 


canyons could be utilized only by high diversion dams, long 
_tunnele, proseure pipes across ‘other, canyons, and expensive side- hill canal 


‘also ‘required storage reservoirs for their full | developinent five 


These enterprises, which required ‘such heavy investments, ‘could: not be 
carried | out by the individual efforts of the farmers, and private capital was 


| invited to assist in the development. For a period the representations of 
promoters inspired investors with enthusiasm and confidence, and consider — 


were ‘reclaimed ; but the necessity of heavy investment with its 
promotion interest burdens, the long wait for settlers to develop 
desert lands before production could begin, soon demonstrated that the 
rosy anticipations o: of promoters were not justified. oullt ‘may be stated that, s 
with few. exceptions, investors in irrigation: works as such were financially 
Although the development produced might be of benefit 
the country, those benefits were largely absorbed by the owners of the land, and, — 


they: ‘were not the same persons as the investors: in the works, , the 


took only a few years demonstrate that such investments were 
hazardous and most of them disastrous. Then came the era 0: of development 


under district enterprise. State laws were passed to encourage this ‘method ieee 
and much progress was made by combining land ownership with | irrigation 


Again, the heavy. ‘interest char wes, the long time 


burdensome and unsuited to many of the larger wed 


expensive projects requiring greater capital long. time in construction E 


the Government, through its ownership of the pu ublic 
ands, was early it invoked, as manifested by various laws, especially the Desert | 


and Act, ‘conferring title « on the individuals that reclaimed the land. if This 


‘was, aggregate, a great ‘assistance to the smaller enterprises, but 
did not remove the difficulty of development where the enterprises: were large 


and costly, as the land could not, under the Jaw, be turned d ove - 


Ww As the | easier irrigation projects were | selected and developed by one of 


the various agencies available, ‘the problem became more and more acute as 
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‘<a was given, as a resident, 160 acres of land on condition that he develop it 


and build a home. The’ clearing, fencing, and cultivation necessary were 
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_ the physical difficulties of undertaking new. projects progressively increased 2 


by the elimination the easier developments. Recognizing 
th large’ in the irrigation develop- . 
ment of the ‘Western States, a was started about thirty years ago 
/ adapt the laws to the handling of the proceeds of the public lands in ‘such — 
a manner as more effectively “to encourage their ‘development. to: 
Tn the Middle States the Homestead Act was effective’ in settling and 


developing the country under ‘the conditions: there obtaining. The: 


_ made effective by the: climatic condition under which a single successful 
4 home ‘could be made through the efforts of one family without the co-opera- 


was 


4 passed appropriating ‘the receipts ‘from the ‘sales of public lands in the ce 
| 


the selection of projects under this law many were rejected on the 


got Under this law, twenty- “projects: have ‘been developed, ina 
: full’ 5 water ‘supply being made available for nearly 2000000 acres of “land, 


= 
tion ofits” neighbors. This law, however, was found to be unadaptable to 


a country requiring irrigation, especially where extensive investment of cash 


and labor was required. So far as irrigation from smaller streams could be 
carried out. a small group ‘of farmers’ through their ‘combined labor, this 


was done, but ‘the: ‘attempt becamé impossible when applied to the difficult 7 
enterprises requiring: large storage ‘reservoirs, expensive dams, | canals, ‘tun- 
flumes, and pressure pipes: ive same theory, however, could be adapted 


“was ‘the. intent in 1902 when the ‘National Reclamation Act was 


teen Western States to the construction of irrigation. works in that r region. Its 
vowed purpose was to construct the larger and more difficult projects. which 
incapable of development ‘through private capital or district agencies. 


that they were small enough and easy enough for successful handling by 
private enterprise. In some cases this proved. to bea ‘mistake and projects 


rejected for this reason were undertaken after a trial had Sac 
they could not be successfully developed | by private enterprise. 


+ 


- capacity of x more than 10000 000 acre-ft. ; 
been constructed; 108 ‘tunnels; aggregating about 150 000. 0 ft. i 


have been built; ‘structurés on the canals, such as ‘and tamnouts, 


217 000 ft.; 000 culverts have been built, ‘about 400; 000, 
lin. ft. of pipe e ‘have been’ provided ; ‘néarly 4000 fumes, with ‘ 

‘total length of ‘750 000 ft., have: been supplied; and about 1600, buildings 

for offic es, power plants, pumping stations, barns, and storehouses | have been 
of ‘wagon road, and 8 284 miles of telephone lines, 


ae 


‘constructed. In connection with this iN have been built. 83. miles of ; 
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more than 200-000 000 cu. ya. 
50 000 000 yd. of rock and indurated, material. 
required yd. of -conerete.,and: somewhat. larger number 


i of barrels of cement... Incidental to this work, a few power plants have b een een 

built as; by-produets of the istorage, proceeds: of which; were 

credited to. the. water users; the projects..." These plants have developed 

64,300.,h. energy and have required the construction. 1 of about 1500 miles 
of, ling, to. transmit the electrical energy, t to. the point of, use; This power 


development,  seattered over, many projects, while. small compared with the 


OT 


aggregate development, chas_ been an importan factor in the. comfort. and 


prosperity of the s settlers, ‘being mainly towns devel- 


The total investment in National irrigation ‘tee been about 000 000, 


which about one- third has been f from re- “payments by tl ‘the settlers of 
3 money invested for their benefit . It is is believed to be the only “National « con- 


f a struction, except the Panama Canal, which has made such large ‘returns in 


enc ‘The cash value of the annual products of these enty- five projects agere- - 
gates more ‘than $50 000 000, even” in this period. 


e and, i in more prosperous ‘times, has approximated | 90 000 000, as in 1919; 


it is safe to state, therefore, that the product of three years exceeds the hee 


4 


ment nt by ‘the Government, and ‘that the a geregate has ‘be more. ‘than 


$700 000. 000. The estimated increase i in ‘land values, due directly to” ‘irri- 
gation works, i is $600 000 000, or more than three ‘times the investinent The be 


the return of that investment, w with the exception ¢ of the money 

expended’ o on projects which have been. built or completed,, and under 

4 ‘the. liberal terms offered by the Government and. the long time for re-pay- aed 


ment, this, in most cases, could be done from. the. products. of the land, except 
the propaganda, against. such, ‘return the. part. of opposing interests. 


Whether euch propaganda will ‘succeed in its endeavor to wreck the irrigation 
nterprise remains to be seen, but the values have. een created by. the | com- 


bined of, investment and the activities, of the indus- 


“cally a amounts, to: an’ additional..State in si and in bas, % 
.) From, the, small beginnings. described, irrigation. has become an ‘important 


haan in nineteen States and. i is the dominant. form of agriculture i in eleven 


Western, States. + These. « eleven States. contribute | more than 20% of the value 
of all. crops vin the I United ‘States, producing. an average value ‘per 
‘more than double that of the unirrigated f farms of the country. aon) 
most serious weakness, of the original National Irrigation 
Law was the requ quirement, that ‘the major part of the money be expended 
the ‘States in’ which it. was received from. the sale of public lands, This i in- as 
jected. an. entirely. foreign. element into. the consideration. of _ projects for 
eanstruction, and produced still greater. moral influence i in favor of ‘regarding 
thee Fund 88/8 fund for distribution, among, the States, rather 
than, a8 one to, be allocated in “accordance with the business merits of the 
arious Projects, influence led naturally and inevitably to the ‘selection 


oe 

ers, 

sed 

ago 2 
ach 

and 
ler 

4 
it 
rere 
ful 

ra 

ash 
this 
ult 
u 

ted 

‘ 
— 
was 
— 
31X~- 
& 
ich 

ies. 

by 

for 

é; 
‘ate 

i — 
hes 
rth, 
& 
t- 
ate 
000 a 

ith 
ngs 

een 
| of 
the dq 
— 

42 


of projects ‘ing States where the public” lands: were bringing i in large revenues, 
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wi cultian.of bndertak new projects progres 


when those projects were of inferior merit. pO In ‘the promotion of Projects. 
ale in such States, | the promoters dwelt more on the rights ts of the State to use 


recognized. In the matter of the volume of supply Nature has been 


than on the physical merits of the project advocated. » Lo 


te 
"This provision of the law was repealed in 1910, but not until after most 
bm the projects | had been selected and construction started, and a feeling of 


now 


‘proprietorship: had ‘gfown up in each State concerning ownership the 


> Réclamation Fund. There have not been wanting those who ‘argue that the — 


_ ‘Moneys: received in a given State from the sale of ‘public lands naturally. 


Proposed investment, and ‘this spirit continues to prevail ‘about as s trongly 


efforts have made by public officials to induce or: require the 


‘State to share i in the expenditures and responsibilities of. making the irri- > 

gation enterprises successful through the selection of competent settlers and 


of supplying them with the means of i improving and properly aig ila their 


collection. could be enforced, 4 


if such measures ‘were ‘The involvement of the State in the 


sibilities for the success of the projects. in itself is an. excellent idea and 


would contribute greatly fo, their (Ohi, to ; 


Past-Presment, An Soo. 0. E— That water, is ‘the na- 


n’s most valuable natural 1 resource ‘requiring conservation coming 


an generous, but as to distribution to the various sections of the land and as to 


| 


dependability as “regards the time of availability considerable improvement 


Wherever the human race has! ‘established itself in permanent settlements 
water has been : needed ; first, of course, for domestic purposes, for drinking g 
by man and hfe deitidetlented a animals; for washing and bathing; to facilitate 


_ transportation ; for irrigation ; and, “where available in flowing streams, to 


a generate power, which, in 1 recent times, is made available at places: remote 
m the source, by electrical transmission. — The unequal doc sonar 


and snow as to time and place, coupled with the orographic features 
O48 of the eutface of the earth, has resulted in great diversity of stream flow, 
ah and, therefore, ‘as soon as the demand for water exceeded the ‘supply ‘of the 
a local spring, ‘stream, or well, the newer problems of control, regulation, ‘and 
diversion of flow— —in other words, of conservation—liave been introduced. 
The early problem of ‘water utilization were simple. |The wants of 
population could be ‘suppli ed without regard to economy of fuse. Fre- 
- auently, a small part of the supply has been, or still is, sufficient to meet fairly 
the needs of ‘the dependent people but population’ is growing at a tre- 


— Ener. 


to that State to be invested ‘there, irrespective ‘of the merits of ‘the 
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| ie — rate—in some countries at nearly a geometric ratio diminishing but " 
with: this s increase comes the insistent ‘not 


Originally water, like | air, was free. to be taken ‘by’ any one ‘who 


tight had no value. Becausé early settlement was of 1 necessity at points 
| :? here water could conveniently be obtained in the desired quantity no elab- 
orate appliances were needed to modify conditions of occurrence ‘and 


flow. ‘As soon as permanency in the place of living was found to be deitable 
advantage of stimulating plant ‘growth by the artificial application of 
wa er. was recognized. “In some measure, first small ‘and, later, larger -quan- 


‘tities of water nde, service to the unity 


a0 


or whether in a more restricted sense to any particular region— 


4 
must have been simple in their nature, easy of ‘execution, and 


a that frequent occasion has arisen find faults with the wasteful of 


control and u use of water in those regions where the demand resulting from 
increasing population began to exceed the quantity that was 


accessible an and obtainable. Correction of established customs and. practices 


has not always been easy. The rights of the individual as against those of 


the State are not alwaysclearly defined. 
It seems fundamental that sooner oF later the ‘State—meaning any large 
"political organization—must ‘step in, and wherever demand for water exceeds — 


the ‘supply or where it is foreseen that such a condition | is proximate, must 4 
assume control and define the features of the project for water conservation. 
“The most ‘obvious step to be taken in the case of the flowing stream is so to 


3 regulate. its flow by storage and related works that it will render a maximum 


4 
enterprise, generous has béen m for -develop- 


ment of natural resources, including the use of water; andi private rights” 
‘been established and are generally recognized, which do not, however, 


always comport, as they should, with the best interests of the country.. 


i It is only in recent times that the privilege of utilizing parts of the public 


domain for water storage is coupled with conditions that make forthe fair. 


protection: of: publie interests by limiting the granted right in the matter 
time. The indirect control exercised by Federal authority « ove the waters of 

4 the lesser streams, however, frequently’ 1 results in an invasion of the rights 


of the: ‘individual ‘State. There re is. here sometimes ‘conflict of 
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Jud It: seems that wherever a right of w way, whether for conduit lines or fo 

"storage. purposes, | is. required over lands, of. the. public domain, the ‘Federal 

Government has. assumed a right of ‘regulation and control which ‘interferes 

in no small degree with the general conception. of State control. in| such 
ters. There can hardly be any question that, when authority first, granted 


te the Secretary of the Interior to permit the use 2 of lands, in. National parks 


and ix in forest reservations for the development of. water resources, the func- 
i tions of his Department were 2 to be mainly ministerial. ied , Such. ri ghts of. way, 
it is fair to to believe, should. have been | granted i in all cases of, merit, and honesty 


purpose, provided there was no material interference with the. 
4 by | the public of the lands i 3 in park or f forest for the. Purposes for which they 


were set apart. This view unfortunately has not ‘prevailed. The 


conditions “imposed | in any grant of a right- of- -way privilege may and fre- 


quently do cupersede le and ‘annul the rights" supposed to have been acquired 


Law 
certain reservoir Tights in a forest reservation to City of 
= Francisco, Calif. There is . conditional grant in this law for the —— 
fa a few acres of ground for water storage purposes made by Congress on the 
2 7 failure of the Department of the Interior to do its plain ‘duty in the prem- 
dses. No one can read this law w rithout the interference of 
gress in matters that should never have been brought before it, nor yet with- 
out feeling that San Francisco? 8 representatives were unwise in- aceepting the 


2 


15 h a 
one erewith. 


is an international or interstate plan of 
and control should originate with the Federal. Government. When, however, 


“aie “the: stream originates and flows i in one State only, there | should be. no inter- 


da . Fille by Federal authority s save only: in the cases in which navigable waters 
are affected by regulation. The devising of far- reaching plans by ‘the Federal 


Wf Government and ‘by the several State Governments should. be accepted. as 


fundamental duty, nd after ‘the’ adoption of any such plan, development 
ee ¢ whether by the Federal Government, by the State, or by private effort, should 
conform to the program, and of course, to subsequent modifications 
thereof. to ‘Sool Sif Jedi ai Ai yfdo ats 


would be well, wherever practical, for the State to take charge of stream 
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tion; In. that 
hes toa a Water Board State bonds to an amount 


With funds realized 


from: the sale of ‘these ‘bonds, storage works were and main con- 
ui 


were built. | Water is delivered by them to: Boston and to about twenty- 
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eight or more cities and t towns near : Boston. _ The delivery is is ined 


community being free to arrange for the dietitian: of the water to the 
€ consumer as it sees fit. The ownership of the local distribution plant may be 
: private. the interest. and sinking fund requirements 
_ meet the State’s obligation under ‘the bond issue have been fully met from 
revenue resulting from the payments. wholesale for service. rendered 
by. the Water Board, a , a tax or assessment, has never been levied by the State — 
this water matter. Those who get the service have paid the bills. iv 
No reason is apparent why the example set by the State of ‘Massachusetts 
4 should not be emulated by the Western States where e regula ation and full. use 
_ of the water supply is of v: vastly greater importance, because of relative seaiilty 
lack of rain, than in the New England States. Recognition 
overnment help prompted the passage of the Reclamation 
oe of 1902 by the United States. In this law, however (perhaps, ‘of neéces- 
sity), were embodied several provisions which, to to say ‘the least, were unfor- a 
tunate. The appropriation for the use 0 of ‘the Reclamation Service was 
- indireet appropriation. a The moneys realized from the sale of public 
2 were allowed to flow into the Reclamation Fund instead of going where iy 
should ‘go—into the General Fund of the United States Treasury. ‘This: gave 
a to a number of the States a feeling that they were contributing inordinately — 
to developments in other States. There should have been no reclamation law 
until the country was ready to make a budget allotment for a well-considered _ a 


Again, in another matter, “the only additional point to which attention 


will be directed, ‘the law set out to to “accomplish too much. Partial 1 regulation — 7 


of stream flow was to be combined with land settlement projects. ‘project 
could be undertaken unless | coupled with the subdivision of large land hold- 


Government, ‘justified by the that it was largo 
bon in the shape of interest relinquishment to the land owner, assumed a 

b large measure of direction as to the operation of the individual farms, although — ae 


- without material effect on the use | of the land for speculative farming. Ww ith a ; 
4 out expressing any opinion as to to the timeliness | of this Government entering oe 


ite 


on land settlement ‘plans, it seems unfortunate that ‘Government activity i 


a 


the reclamation of ‘land by irrigation was not restricted to. the storage and 


= wholesal ling‘ of | water, leaving the construction | of works: for its distribution | 

to the ‘individual farm, private initiative, or district organizations, without 
any’ onerous settlement restrictions, It would seem wise now to take | heed 

‘of the ‘lessons of the “past and to separate. land settlement enterprises from 


ee ‘the regulation ‘of stream. flow and the wholesaling of the water output, a 
NEwELL,* M. Am. Soo, C. E. (by 1 letter). +—Dr. Widtsoe h has given 


broad review of ‘the many lines for discussion 


by the Secretary, August 8, 1925. 
: 
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extension of namely, use of public funds in recla- 


The financing of irrigation development by private capital is covered by 


the other papers* and discussions presented with that of Dr. -Widisoe. ‘These 


bring” out certain advantages and difficulties, ‘so that it is unnecessary to do 


‘more than refer” to fact that the. great development of the “country 


nt 


ee always” has been, and presumably always will be, through 


he Feder use of individual and corporate funds, invested under State law. 


wr. 


a a broad way it be said that, as pointed 0 out it Dr. 


with success; and it waa only because of. the existence of certain ‘rather 2 
temporary conditions that the Federal Government was brought. into the | 


‘matter. tevewod wal aidt ol ‘estate Uotiall to 


Ee every acre reclaimed by the e use 6 of. Federal funds, as shown by the 

Census reports, ten acres or more have been irrigated by private enterprises. ; 


At present a larger amount of money is being invested i in irrigation or -recla- 


reasons that called for the imposing on the overloaded taxpayers of the addi- 
é ‘tional burdens of the costs of Federal irrigation should be continued. lide: 


Public Lands. —The ‘argument for Federal reclamation of arid lands, as 


-_ pointed out by. Dr. Widtsoe, was based primarily on the f fact that, at the time 
agitation was started for this Act, the Federal Government was the owner Ss 


a: more than 500 000 000 acres of land, a small proportion of which, possibly 


‘eral money , has been or is being diverted for this purpose, also whether ‘the . 


; 


Ay 


utilized in home- that ye ‘also, about: 1895- 1901, ‘the 
capitalistic enterprises, including those initiated. under the Carey. ‘Act, for 


storing and water to the arid id lands were. passing | through 
period of depression. . They had not paid, and neither the State laws nor the 


prevailing practices provided adequate safeguards such | as to feasible 


further reclamation on a large seale. Of einige ti 
2 ai There were at that time also not only. enormous areas of | lan which might 


ai be. irrigated (some of it in ownership by the Federal Government), buta on 


reclaimed lands Population. ‘still pushing 1 westward 


there were, insistent demands for the extension of the principles ‘of ‘the | 
_ _Homeste ad Act. The easily tillable lands in Kansas and in other. States of 
: 3 the: Great | Plains. region had been t taken up, but the tide of emigrants still 
continued. to pour into and through - these. States, with the corresponding 
demand that in some way or another the Federal Government make available 
ore tillable farms. ‘The only way do this appeared to be by providing 
Wate er for some of the vast extent’ of Tana, ott Yo woiver 


‘Moreover, at that time there still remained wnappropriated considerable ; 


quantities of water | flowing from the mountain areas, especially in the ‘streams 


crossed State lines. ‘State laws and the decisions of “were 
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‘still in a> ‘somewhat chaotic condition, and it was shown that unless ‘the Fe ed- 


era! Government would step i in, build some of the large storage works, and e 
_ make far-reaching plans, it would not. be practicable to | utilize effectively, the 


"great 3 resources latent i in the proper control and use of these streams. _ 


ee nder the urge of these conditions, especially the demand for ie lands i 
which might, be used | as | homes for citizens, and because there was recogn all 
of the need of comprehensive plans for. development, active 2 prop aganda, lib liber- 
“ally supported by the Western. transcontinental. railroads, was kept up to 
point where the majority of Congress | was convinced that here was a necessity wi 


Ge a duty. It may be pertinent to state that this education of the public, 


i 


initiated thirty years ago, has been carried on 1 so thoroughly ‘and effectively a a 
as to plant deeply i in the minds of the present generation the fact that, some- : Y 
how, the Federal Government i is committed to a policy of. reclamation, even if 


“the conditions that required it have largely disappeared, 

In these past thirty years, especially the last decade, t there has. 

“practically a reversal of the conditions on which arguments were based 


‘Federal, intervention i in these local or State enterprises. First and fore 


it may be said that there are no longer any considerable body of reclaimable 


“public lands. Of course, it is admitted that here and there are many ‘isolated — 
areas, usually inferior i in character, which have been passed over or rejected 


again and again as being unavailable. This condition has been pointed | out* 


by it was shown that the total extent of public land entered from 1901 - to 1922, 


unappropriated and. unreserved, possibly open to homestead entry, not quite 


190 000 000 acres, practically all of which is Tough mountain lands, mainly ‘2 


of scenic v alue, having little vegetation, although susceptible 

A 

greatest change, however, has been in the cessation of demand 
irrigated. or. eclaimed accompanying the general decline in agricul- 


“tural 1 population. _ Instea of a Steady pressure for more homes on the land 


‘there i is a tendency in the other direction. Thousands of families are going ae 


"from the country to ) the city | or to centers of industry where t the earning power 
of the individual is far greater. pl ‘Millions of acres already reclaimed by i irri- 

Be iapsak and drainage are awaiting settlers. _ The owners or managers of these 


eclaimed tracts are moving heaven earth 


the lands either as ‘owners or tenants: ey 


brought out this of ‘the history 


in the reclamation | or public land States, aggregated 344 000 000 acres, leaving haa 


_ taxpayers 8 hould be called on to spend more money, adding directly. sy ani 

rectly to the present burdens of taxes—such as must follow from effort 


Federal Government to get ‘more settlers to occupy lands in West. 
Subsidy.- —It i 1s assumed | u at it is a proper funetion of the ederal Gov 
mment to use its money and influence to bring about the most 
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My appropriating the money | of the taxpayers but on she contrary is using special 
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even if most 

Foret, or otherwise diss 
of. that has been for a generation. 
ing, however, that this is correct, it is of great importance, to all engineers and 


economists, as well as to all citizens, to consider the limits to which the Fed- 


eral Government, co-operating with the State governments and ‘Tocal 


By or district authorities , can at and should go in offering ‘subsidies or ‘in giving 


4 be bonuses to ‘the land o owners in’ the West, in order to secure the desired culti- 


Tt may be urged in this connection that the Federal Government is not 


funds derived mainly from the sale of public lands. This, however, is merely 


“begging the issue’ » as Congress davai’ from | the Treasury to the Reclamation 


Te el+ 
Wag Fund certain sums which otherwise would’ go’ into the ‘Treasury and ‘which 
would relieve the taxpayers from a corresponding bur ‘den. 
The original Reclamation Act, signed by President Roosevelt on Jul uly 17, 


te 


rornt anadt? «er 
1902, set the limit of this Federal subsidy or bonus at ten years’ exemption 
fr rom payment of interest. ~ These debtors to the Government for the water 


which made their lands valuable, were to be stimulated or encouraged to take 


4 up the Government land, freely given to t hem, or utilize other lands’ pur- 


‘a chased by them. It was bel lieved that this exemption from interest payment, 


a together with possible freedom “frond taxes on the unpatented public lands, 


would induce the settlement and development of these land 

sa matter of fact, this ten years was in addition a considerable lapse 


of time during which the reclamation were or “tuned 


ioe that even under this s ten-year exemption many | of the land owners en- 

; _ joyed the use of the water for, say, fifteen years, and ; at relatively small expense. 


a Int fact, all large reclamation enterprises, with h a few notable exceptions, 


must be subsidized directly or indirectly. "This is thie land when 
mately reclaimed and settled does not have an economic value equalling the 


“a cost of reclamation an d other work put o ‘it. These subsidies coming to the 


“| land parr may be concealed under many forms, but they can always be found 
by careful analysis of the total original cost and ‘accrued interest. Much of 


this: subsidy i in a “ease of private enterprise is in the nature of failure of the 

- original: investors. - The stockholders and even the bondholders of most of 
an 7 the large irrigation enterprises lost heavily, the wor cs built by them as “ ‘invol- 
s untary philanthropists” were ultimately paid for at less than cost, this Toss 
fens _the equivalent of a bonus or subsidy to the land owners. 


Knowing this condition, ‘the Roosevelt Reclamation Act was adopted under 


ty : a the be lief that this ten- -year - exemption would be an adequate ‘reward to 


= and’ owners. It is now “generally believed that this is not adequate and the 
question that confronts engineer and economist, when stripped of 

fe? the emotional, political, nd other side i issues, is simply “ ow y large a subsidy 


should be paid reclamation cultivation and s settlement of. waste 


lands? What are the limits that should, be set 
a Wit ample funds and no limits set to further bonus or subsi ly, it is 8 pos: § 


sible to. carry out any of the hemes now proposed. 
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nd owners are to be limited, then only a few a 

the more desirable of the proposed Federal projects may be safely-under- 
7 


Infinite ingenuity and. almost endless oratory used to obscure 


‘hie simple fact. The politicians have succeeded in creating a smoke screen 


of sentiment, involving social and political considerations. Dust is thrown 
into the eyes of each investigator and every effort has been made to divert 
his attention from this, the real i issue, namely, not what will be the first ‘cost 
put’ what will be ‘the ultimate contribution to the land owner on the project. : 


benefits of reclamation, great in themselves, have been magnified or 


distorted.  Sentimentality y has run riot , distracting attention from the ques- 


"tion which’ should ‘be stated ‘in ‘the plainest language, namely, “How in 


"must ‘be donated by the ‘taxpayers: directly or Sndirectly and how does this 


‘bonis compare with the ultimate’ real value of its benefits to the land owners  - 


us te of the elements ter nding to to obscure this question is s the failure he) recog: 


{17> Bay 
of land owners, 


water users, or farmers. ‘The built at Government ex pens 
provide water only for certain designated ‘tracts. It i is only through the wise 3 


of the Wie -OF SLRS T 
tse of these particular pieces of land ‘that benefits « can come to the public at 


of ‘these land ¢ owners, 


large. Ina sense the whole « var ion is in the contro 


In the 


mited 


iim 


mi to the best investment of funds isa corre- 


: mein Joss. To pr vent such h loss, it is now. proposed. to exercise a still 
larger. or more drastic control of these land 


Moreover, it should, be kept. clearly in mind that the actual 
man who i is trying a home. and to develop: the 


a tenant or if he i is 


Few of the ‘subject contend that the Federal should 
subsidize reclamation in some. policy i is now well established. 
It is almost a waste of time to discuss its is, however, of the; gre: 
est importance, for the continuation, of recla lamation, that the fundamental 


: facts be faced cl clearly . and that engineers a and economists join with h other ¢ citi- 


zens in attempt to to define the limits and. the methods. of the - necessary. sub- 

sidies.. will then be be possible. to consider in’ connection with each of the pro- 
projects whether under present conditions it will yield as 


large or as valuable results. to the publ: ic as a whole| as, m ght come from ie. ips 
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1902, when the original Reclamation Act was passed, the Federal Gov- 


_ it could: well 


publie lands a by its 
citizens These conditions are now reversed. 
TT Repudiation — —It was freely predicted i in Congress and elsewhere when the 
Dalen. Act was under discussion that in,one way or another the land 
would become hmefisiaxies of this At would 


a vigorous od 


eis Sag effort was made to extend the a of non- interest payment from 
‘ to 20 years. It was followed by ot ner demands for extension of time of 

‘repayment, without interest, to 40 years, 60 years, or even to. years. 


"When the first Extension Act was under discussion in Congress it was 
urged by few far- seeing engineers | an economists ‘that, , although it might 
be within sounds’ of : reason to permit 10 years to elapse without interest pay- 


ment, ‘yet after 10 or more nearly years of settlement of project, then 


rt 


the land owners could and should pay a small ; interest, 34 to 4%, or whatever 


_* Government 1 “was paying a at that time for the money, which, in a sense, 


_ was borrowed to replace the amount invested in these reclamation works. This 


success of the advocates: of stivhulated ‘abtivities 
all along the line | among the men who believed i in whole or partial repudiation. 
a i ‘They pointed } out that the Government was expending millions of dollars, which 
it did not expect to recover, in the 1 way of levees or protection works benefiting 
other agricultural lands; that it was ‘spending hundreds of millions in hard 
roads; and that a single battleship built and destroyed without use cost more 

than a ‘great irrigation reservoir or ‘completed project. It 1 was feelingly urged 
ee - that the settler on the Government project had to endure all the hardships 
al pioneering and that, ina certain sense, he was ‘performing a publie fune- 


2g in aiding to reclaim lands and in ‘making his home in a remote part of 


the country. For this, he should be rewarded by being excused from a part 
or possibly from the whole of the amount owed to ‘the Government for the 
relief 


in ‘number an almost infinitesimal proportion of ‘the farmers « and land ¢ owners 


of the country, yet the petitions and cries for relief for these “wards ‘of the 
“Government” obstruct many « other measures of importance t to all citizens. 


Limit of Subsidy. —This side ‘of ‘the picture is presented i in that 


may be. given to the limits which should be set for the time 
and amount of the faced or bonus to the owners of meee reclaimed by the 
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it is a settled policy that such be given, . 
ee or ‘indirectly, in order to it induce a larger settlement of the Govern- 
i ment projects, the lowest limit of this bonus or subsidy 5 was that | ‘set by, the 


original Reclamation Act as 10 years’ freedom from interest. The Extension 


The estimate of this subsidy or cost to the. taxpayers of the Nation al 


discussed by officials of the U.S. Department of Agriculture. For 
on Salt River, ‘“Arizona* (probably the most successful irrigation project 
} 


Dns announced charge for water is $90.00 per acre. Water was supplied = 
_ to some farmers 11 years before payments began. In the beginning of the 
payments. the accumulation of interest. _charges— would increased. 
charge to 187. 84% of | the announced charge, or to $169.06; and at the end 
of the 20- -year period, during which the $90.00 will be repaid, without interest, se 
the accumulated debt, with interest, will amount to 407.44% of the $90.00 ee z 


- charge, or $366.70. This represents the subsidy, per acre, to such a farmer 
in the Salt River Valley, at the time when the Government Fi Oe, his 


Enthusiasts may. Justify this expenditure and dwell on the benefits to ‘the 

they 

a must not ae that, behind ‘the roses are the thorns of hard fact, namely, 

ip that the taxpayers of the country. have had to pay, in real money, deftly taken Ye 
from their pockets, this enormous sum. On less favored projects even larger 
amounts, as pointed out by the economists of the U. S. Department of ‘Agri- 
culture, must be paid if similar. conditions are to. continue. These facts should 

; be presented in such a manner as not to o alarm, but t to stimulate action along” — 


att After - facing squarely the. fact that enormous but partly concealed 
subsidy is being, paid to a relatively small | body of land- owners: and weighing» oe 


the advantage to these. land ‘owners and to the public, the people can 


sider on their merits the new enterprises \ which may be “presented | and which ian i 


demand ‘still larger, subsidies. In such ‘consideration should be kept i in mind 
the fact that private or corporate capital undertaking reclamation enterprises 


ie does not ask or expect any large bonus or. subsidy. from the general taxpayers. 
Are e the new projects or extensions of existing projects likely : to. be of suf- 


ficient value to the taxpayers. of ‘the country to justify ‘their construction, 


iz taking into account the fact that if built by public capital they must be heavily ‘ 
subsidized, also t that there is a strong and i increasing sentiment toward repudia- 


under various guises? Congress must answer. ol 


AT 


ee ee Land Owners. —Dr. Widtsoe has pointed out that, in all this work, whether — 
by, private or public initiative, the man to be considered ts. the mie on the | 


“The heroic: ti! development is the water. 
- and woman, who throughout the years live upon the land, till it, and make . - 
‘Wield enough for life’s subsistence. Capitalist and engineer, statesman and 


; tradesman, are all necessary, but compared with the water user are of secondary 
Bulletin 1257, U. S. Dept. of Agriculture, August 1924, Dp. 12 


Proceenings, Soc. C. B ‘March, 1926, ‘Papers and | Discussions:, 


ESTERN IRRIGATION DEVELOPMENT __ 771 
— 
well 
ten ‘a 
its” — 
— 
the 
— 
and» 
ugh 
tive 
hin 
and 
rom 
of 
ight 
hen 
ver 
nse 
“his 
ties. 
lon. 
‘ich 
Ang 
ard 
ig 
ore | 
ged 
rips 
me- 
of 
the 
— 
‘ 
the 
iat 
— 
ime — 
he 
the | a 


GATION DEVELOPMENT 


This ‘true; all consideration should pone’ to 


Nothing should be too good for the man and | especially the pioneer woman ; 
i. but it is proper r to ask whether the plans and policies proposed, if carried cae 


will result in real good ‘to this relatively small ass of p people, 


what arbitrarily from the | ‘great. mass of other. pioneers and farmers. Does 


4 12 
not the although well intent the persis ent offers of advice, 


; of loans of money, tend to reduce the energy and independence of these people 


and to get them deeper and deeper into debt from which escape, during the | t 


present generation, or even in the next generation, Seems possible only ‘through : 


the door of repudiation, so _temptingly. held open by the local | politicians ? 


Ee a _ In all these discussions of benefits which could or should be conferred bya 


generous Government on ‘this’ ‘small class of pioneers, there is a ‘tendency 
two entirely distinct ‘groups of. individu: als and to include ‘under the 


Ped ‘name of “farmer” ’ various inde of people who may or may not be actual water i 
2p i users or residents on the land. The public appreciates that the farmer is at the o 


base of | civilization. Popular sentiment supports any measure ‘that seems to. 
be of benefit to him « or that he e thinks may help him. © Everything he really 


needs must, of course, be given Sit” consideration but, i in the case of the 
a - Government projects, is it it really the farmer - who is most conspicuous in Rio 
demands? "Not every owner on a Government ‘project is a farmer. The 


mere fact that a man owns one or more farms or farm units given | to him or | 


to his predecessor by the Government does not make him a real farmer. marshy 
‘The land owners on Government projects, who for the time are the onl 


“ae diate and direct beneficiaries of the liberality. of the Government, theoretically 


farmers. Through a strict erforcement ‘of the law they should 4 
aa be actual Tesidents and water users; but the fact has’ been brought out iaehin 
and again that a large proportion of the ‘persons owning lands on Government 

projects can hardly be called farmers in the sense that they are skilléd or 
6xperienced in farming or expect to spend any considerable part of their 


ctr 


on the made tillable by the: use of Government funds. "These ‘conditions 


have been ‘discussed’ particularly in Congressional hearings,* which 
that these land owners ré every occupation running ‘through 
alphabet from actors, architects “and artists, ‘through the “butchers, 


bak kers, ‘and candlestick makers”, down to ‘undertakers, watchmen, ‘and yard- i 
men of the local ‘railroads, Some are absentee landlords. “Tenantry, has 
 inereased to upward of 40 ‘per ‘cent. Now ‘the ery Sorting from | Fed- 


eral project i is: “For Heaven’s sake give us : less advice, less talk, but get us 

’ Dr. Widtsoe’ 8 summing up ¢ of the means of solving the ieigation problems 


are those which may well be applied to any capitalistic undertaking: (First, 
faith in ‘enterprise; ‘second, study of ‘its, needs; third, diffusion 
better use of knowledge; fourth, a broader” recognition of the values of 
Baa undertaking; and, fifth, , training for leaders, with particular prise on 


* Before Committes on Irrigation of. Arid: Lands, Con, 8. 4187, ua 
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debated’ ‘questions of ‘over-production, or ‘rather of lack of provision of 


uate ‘transportation and: marketing facilities. The consideration of these 


latter brings: “up the ‘problem as far as the Federal Government is’ concerned 
1s to 'the limit of these direct: or indirect subsidies and of the extent to which | 


ness paralleling or rivaling that of corporations and ‘individuals. Already: 
strong reaction has set in ‘against the Government plunging into new schemes, 


as yet no limits have been set to the subsidies that will be ne 
- Moreover, it has not séemed possible ‘to set eny limits when once the original t 
limit! approved by President Roosevelt, that of a ten- year exemption from 


4 interest, been exceeded. ot Hoot nti 000 000 


State: Co- Operation-—In’ their perplexity ‘ast to. Federal duties and sub-— 
4 sidies some: of the members: of Congress have taken refuge in the now fairly — bs 
well established “fifty-fifty” rule. frankly admit that they see no defense 


against the assaults of the subsidy. seekers; In their: despair they for the 
hs p of the States. If the people of any State, its Legislature, and Governor, _ » 
“fifty-fifty” with: Uncle Sam, as in the case of hard roads, or will 


guarantee to do their: part in ‘reclamation enterprise, then ‘the Government 
can affo ord to go into it. matter. of fact, however, privately they admit 
that t there i is. Tittle probability: of any State doing: this because the local l people ~ 
“well informed to be willing: to venture their hard-earned money on a 
Government: reclamation scheme. They are perfectly willing’ that. generous 
Bie 58 Sam ‘should spend. his money on their State but they are not venture- ime j 
‘some énough to: risk spending’ the money taken directly from the. taxpayers 
of their own localities. Already ‘they: ery that the State and local taxation 
i s'toohigh | ‘and they cannot see why they should contribute money for 
small: groups ‘of land owners; even through: entering: into>s a partner- 
/with the Federal Government. “tor oildug or ont 10) 
how While engineers and may not go so far as to fully agree with 


conclusions ‘stated* the U. Department of: Agriculture, namely, 


bs citizens: to. whom the public may tom for advice, they s should 
and impartially the limits swhich: may be set: to’ such a sub- 
Es sidy, balancing the gains to the ‘public by the development and use of waste 
lands against the cost or increased taxes to the public. The F Federal Govern- 
ment; as before stated, “is definitely committed to the general principle. of 
subsidies’ given’ directly or indirectly to’ certain publie ‘needs, such as post 
Ee offices, the: ‘building of post Toads and other highways, the maintenance of 
and commerce between the States, as well as the building 
levees in connéction with such commerce, the ‘main value of which, however, — 
Nei ‘in the protection of certain agricultural lands. It may well be argued — 


that the providing of opportunities for homes on lands which are now waste 


agreed that plans should be prepared’ ind funds made available within proper — 
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a limits for reclaiming these lands as rapidly as_ there may be 8 an actual need | 
them in providing prosperous homes for citizens. T fs 


question of greatest concern is not whether a subsidy or bonus to 


will produce the largest | benefits to the great body Teh 
mation works, unlike ‘waterways or highways, are not State- -wide nor sus- 
ceptible of use by the public in general. strictly local, and the 


direct benefit from them must necessarily go to a few land owners and local 


Beeause of of such conditions, it is urged . that local o or State co-operation 
support should forthcoming. the Government is to spend, say, 
another $150000000 in reclamation works to make available in the future 
_ more homes for citizens, it should be considered in the broadest possible | 
way whether’ this $150 000 000, or more, might not otherwise be used to pro- 
larger results home-making benefit to all the taxpayers. Is 
ms. not a fact that lands can be reclaimed | or made available for home makers 
Bs throughout the United States at less cost and can be occupied and improved 
less hardship and uncertainty than in the case of the ‘new irrigation 
¢= enterprises? - Not only is this a fair question, but. it is. one which it is the 
4 duty of every broad- minded citizen to consider. phe. og, ot brea: 
_ The history of the projects pointed out by Dr. Widtsoe : is full of instruc- 


‘tion and warning against continuing as at present. illustrates among 


other - things t that although the Federal Government i is a good spender, it is 7 


‘about the worst possible collector. In fact, it is. .generally recognized that 


‘Uncle cannot get back citizen’ ‘debtors any very large part. of 
phe the money owed to him , whether this is fer public lands or for seed grain 
discussing plans for Federal farm loans or other it is asserted 


loans’ if the public we was “not. well-informed of the, fact ‘that the x money 
7 thus: loaned did not belong to the Government but, in turn, was borrowed 
from people who must be repaid. of be q 


The. plan which past experience shows may be most likely ‘to succeed is 


- that which utilizes the experience of the Federal Farm Loan Banks and sim- 
ilar institutions. _ Assuming that the Federal Government should subsidize 
a the; e reclamation of waste lands, this subsidy may well be confined to the first 


ten} years after settlement and be limited to. loss’ of. interest: on the 


ment. At the end of ten years, when Teal property values have increased 


the owners of the lands that have been ‘reclaimed and cultivated during that : 
time: ‘should then be required to the Government what may be con- 


with interest charge—tio more than that paid by. the Government 
money it is borrowing—plus, ‘say; a 1% installment on the principal 


le The best way to carry out such, a plan will doubtless. be to have. incor- = 


iy porated: under State law in | each: locality a Reclamation District with Power 


of making contracts. levying, taxes. The, 
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: be received by the Federal Government in full satisfaction of all expendi- tn 
tures; at a suitable time these bonds may be put on the market and sold a 
for what they will bring, thus, closing up ‘the entire transaction as far as 


Government is and 1 relieving Congress: from. the, ually 

As a compensation. for the benefits to the ‘whole country, the Government 
lp well assume the loss of ten. years’ interest or more on its investment = 
7 and also the discount in selling the ‘bonds. Careful consideration of ma i 
-— Yosses will show that they will be far less than 1 under the present system. 

f History shows also that the dealings between the District and its bond- 
: _ holders are likely to be conducted o on fairer and more business-like terms 

than between a Government bureau, the local voters, and their political rep- 
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THE F FINANCING OF IRRIGATION DEVELOPMENTS BY | 


) ih tt 


“Bie “ford By Jolin E Fieip, M. 800.0. Eoels avorde 


E. Freip,t M. Am. Soc. C. E. (by letter). ¢.—The author has selected 


1as 


for his subject the most vital and all- controlling problem of irrigation devel- ; 


a - opment—that of financing. To finance a project necessitates that it be sound 

s in every respect, regardless of the method or of the source from which the 2 
funds ‘must come. To be sound ‘financially “requires that the interest and 
rare principal be paid regularly and surely and that, at the allotted time of maturity _ 


The a author has suggested many difficulties which for ‘the benefit of those 
who have had a limited experience might well have been enlarged ‘on and © 


th conversation with several friends, financiers sand attorneys with — 


Tience in irrigation development, when the writer er suggested financing by 
private capital, the concensus of | opinion was suggestive of the backwoodsman ¢ 


who, seeing a dromedary for the first time, studied it carefully and on ‘finally a 


moving away remar “They ain’t no such animal.” Just as the back- 
as wrong, were these financiers wrong. The dromedary i is. 


particularly fitted to arid he requires a modicum of water and an 
attendant who understands his moods, his" limitations, requirements, and pos- ‘ 


sibilities. The same applies with equal force to an irrigation project, 


and particularly financing by private capital. pent 


rac ‘ In reviewing the paper the writer was struck first | by the statement,§ in 
connection with the desirable reclamation of arid lands wherever “possible, 


‘that a should be done at such times and in such areas as will fit in with the 


: a . there is now t under cultivation i in the United States a sufficient area 


ss he to meet all present ‘needs is demonstrated by the presence of a surplus ‘of : 


‘nearly every agricultural product, even in “years” of low production, _ by the 
4 


obtained by the producer, and by the marked drift from rural to ‘arban 


; a No “hack to the farm” propag ganda—no “stay on the farm” slogan—will | 


Jong as the farm is unprofitable, or so long there i is the present 


© This discussion (of the paper by R. EB. Shepherd, Esq., presented at the Summer > 
mn Salt Lake City, Utah, July 8, 1925, and published in March, 1926, Proceedings), 
is printed in Proceedings in ‘order that ‘the views expressed ‘may be brought nied ati 
Received by the Secretary, August 1, 1925. _ ‘ 
’ § Proceedings, Am. Soc. C. E., mee 1926, Pape 
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marked difference comforts, luxuries, hours of labor, net earnings 
between | the farmer and the mechanic. When a man with $12.5 50 can buy 

an automobile, buy a home ‘ Gust like rent”, and clothe himself in 

silk ; on the installment plan, the acquisition of | a farm on the amortization 

plan will not -appeal to the young farmer unless he sees, | in addition, a definite 

“4 ‘promise: of profit and nancial independence within a reasonable time, 

Bureau: of Economics of the he U. 8S. Department of Agriculture — 


‘that there: is now: under improvement. in the United States ‘an area which, 
af properly cultivated, would meet the needs of the population, with due a 
‘ to the probable increase, for the next fifty years. Whether or not this estimate “a , 
is correct, it is certain that. there-i is no present or crying. need for more land land. 
& Twenty: years. ago there was a ‘slogan, “Land for the landless man and m men 
for the ‘manless land”. Now this slogan must be discarded in both its phases. 
To day there is much. land. in the arid West under canal, with. good water 
‘supply, markets, ‘railroads, and other. necessities erying for men. Farms are 
' ‘being: offered at less than the cost of the irrigation. works. It seems, there- 
| fore, that to discuss financing the development of new irrigation projects is a 
: waste of time, or at best an academic question: Not so, however, with the 
fianancing: of existing projects, of finishing and of perfecting existing 
~ tems. Irrigation engineers of the older generation ‘ take something of a morbid 
pleasure in analyzing their failures: and mistakes. 
_ ‘There’ is a ‘time for all things, and the author in limiting g development — - 


4 es ‘to the changing needs of the country | has struck the keynote. N He asks to what 


— 


“idea. doy ‘the Irrigation Congresses was that the Government 
build reservoirs to the water supply of | systems, that 
that idea and what troubles and faibdnon! that departure “ao wrought : are too 
h well known to require recital here. Next came the suggestion that main 
ast canals covering public lands should be built. . This development w was ey 
(9 wise; but still 1 no hint, even at the, time of the passage of the Reclamation Act, f° 
had been given that laterals would be built, much less that the systems would 
be operated and maintained by the Reelariation Service, nor was there 
suggestion that the Service would build drainage systems. otlt aitibiove 
the Project Engineer of the! North Platte Project the writer ‘opposed 
the building, first of any laterals, then of any except those involving great 

difficulty and.e «expense, and never as long as he remained in the Service 
ance and operation. | Refer- “Ne 
| ring specifically to that project, one can easily imagine the limiting of Gov 
ernment activity to the construction n of the Pathfinder Reservoir 


Private capital was ready and anxious to build the canals, and indeed it 
was. necessary. ‘to. take measures ‘to prevent private enterprise from building 


auch of. the land. under the Genel actually built 
apital, and how. irrigates embraced in the area intended 
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Sof land reclamation. In answe o that question the writer wou remind the 
— 
q 


Wo be served by Government Canal. first was made 


ie a in extending the Government work to include the 1 lateral . systems, but the great 


z 4 and serious mistake was made when the Service undertook the work of main- 
* The story goes that two ‘travelers down in Arkansas, driving along ‘a road 
through the startled by. seeing a ‘wild-eyed 


‘omen beard and disreputable ¢ appearance. He inquired of the strangers if 

ae they had seen a woman cross the road. They denied that they had and = 
what he: was doing, | and he. replied, “She’s my mammy and she’s trying to 

f "wean me? » The way the settlers. ate, acting and the way ‘the Reclamation 
= "Service has treated them in the past remi nds one of that fi 


it 


Answering 1 the question specifically, the co- -operation of. thin’ 
a sledid:be limited either to the construction of reservoirs for supplemental 
: supply, or if it is deemed best that this” Government become paternalistic, 


socialistic, or communistic, then let it go ahead and do everything of every kind 
. and nature. . Personally, the writer much prefers that American initiative 
and ingenuity be "preserved and developed, even if hardship 


a tailed. The lack of responsibilities imposed, the absence of : sure and ‘certain 


i Rae ue re penalties. for shiftlessness and procrastination, is responsible for much of the 
4 i _ trouble on irrigation projects. if: Most of the trouble is peculiar, sind to Govern- 
, Lo ‘ment projects, nor to irrigation projects, nor to farming i in the arid West, but 
to the condition of farming itself. ‘oF 48 inks analog ov | 
Phe author has listed nine questions* all of which must Be answered in 


affirmative if an irrigation ‘Project can be pronounced sound. The. first 


three deal v with the land; the fourth and fifth with the water supply; the sixth 


ae project and revenue from the land. All irrigation engineers worthy of the 
name have in the past thirty years considered carefully in their reports. the 
first seven and many have considered the last two. Unfortunately, some. engi- 


_ neers have considered it t outside their } province to] pass 01 on the financial aspects 


4 of a project, leaving that matter to the promoter, the financier, and the colo-. 
nization agent. _ Some have even limited their activities to the cost of construc: 


~% tion, avoiding the vital ‘matter of character of soil, climate, products, water 


supply, and markets to some one else. In this, the failed to grasp 
an opportunity to do much useful , valuable constructive work, and to rise 
above the level of a ‘surveyor, and of a‘ “slip-stick artist”, Tn consequence, 
of the failures are chargeable to the e engineer. ad? >.” 
sae With the nine conditions imposed by the author the writer is in accord, 
wi - but he would enlarge the list. The value of a farm is divided among the land, 


a the water, the improvements, and the expense of making it a going ‘eonitvern. 
nd, 


ae four elements on the public land with ordinary c costs would be: La 


25 ; ; water, $35; improvements acres, $4 000, or ae 


and seventh with markets ; and the eighth and ninth with the cost. of the 
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total, 25. There: must be added t 


fier the hardships! of the p donber. and settler; he must believe that within 
a ‘reasonable time: he will, be off by making the change. 


— 


con To the original entryman. .. ait 25 
fron ten to 6 25 | 


ite 


j or: his i is 5 $32. 22 more than the land fully. developed w was 8 worth. ai At first, a profit m a 
| is taken by the holder of the land when he sells, but later a loss is taken, of nM 
E necessity, by the settler and the bondholder. These figures indic ate that the 
cost of the water should not greatly exceed $35 for land worth $200 when fully 


no longer interested. The interest becomes > to la 

of settlement and the fact that the settler paid out all his available resources os 
in the purchase of a ‘relinquishment for land, and for improvements, if any, 
and in living expenses. The bonds drop to 60% of par. A new series of bonds a 
is issued and exchanged for the old at 60 per cent. Thus, the project hoes ae 


success, and the settler gets his water at cost. Often the exchange of old 


eA refinancing i is often veined until the indebtedness i is reduced to a point which | 
the settler can pay. The G Government is in effect a bondholder. Will it, too, e 


take a loss just as all others have done before? blyow 
much for. the past now for the future. The choice is Socialism = 


‘- which may be found: feasible as time goes on? The author + proposes ph 


oy form of Government corporation similar to the Federal Land Banks, to =. a 


the reclamation of waste lands, whether privately owned, State owned, or 
 the:public domain. His suggestion is a good one. stittod. 
There being) n no. need, however, of to o the total farm busi 
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dquidating existing Government projects. Lo give greater scope would 


be to’ perpetuate the scramble for’ public money, to inject 
operation, and to subject. the corporation to importunities and influences, as 
was the Reclamation Service. 70 This would lead to similar unwise unnecessary 
undertakings. Tf its activities ‘were ‘so limited and if it proved ‘a:success, | 


i “then, with the: experience ‘gained and with the possible development, | say, in 
1: or 30 ) years, of a healthy demand for ‘more farms and for the development » 
of areas and projects impossible to private enterprise, a new eorporation could 
be. created; but. the salvaging of ¢ existing and the: undertaking of new projects 
should be separate and distinct. It is to be anticipated that new work would i 
he so much more attractive that the salvaging of _ old d projects would be 


and ‘become ‘secondary. art the Ree! 
in the last fifteen 
ig the writer knows how hard that work i is, how unsatisfactory, how devoid 
he of glory, and how poor the remuneration. As. compared with the enthusiasm, 
= publicity, and the advertising on x new projects, ‘such wo work would be like ; 
het “cold gray dawn of the morning after.” To improve and complete projects 
‘eles the land is’ is principally in private tha the landholders should give 
individual mortgages on their land and raise the necessary funds. If the 
ae a land is already encumbered either by mortgage or Irrigation District indebt- 
“em edness, ‘the creditors must join the owner of the fee title in the new mort 


tk ‘gage. ‘There i is no reason for relieving at public « expense either the land downer 
or the. mortgagee | of the results of his. mistakes. Government aid should be is 


First —The gathering of data and research work necessary; to a proper 
analysis: of proposed irrigation projects. WOT 
Second.—The construction of reservoirs: for ‘supplemental water supply for 
: a Third.—The completion of projects already under way on which the future 
expenditure is less than the value of the enterprise, and. which, when com- 
pleted, ean be bonded and the bonds sold ‘at par and at not more than 6% d 
‘interest, thus ‘definitely getting rid of Government control and imposing the 
_ burden of responsibility where it belongs, on those “most vitally interested— 
The Government evidently hopes to “induce the States to take | 


projects. Such a step would simply be “jumping from the frying pan into the 
fire.” a change i ‘is made it should be from the Government to the water 
users? | own organization. Corporation: control and management is "bad; State 
= control and management would be disastrous. © Government control has had a 
. trial over two decades and is in a mess, ‘to say the least, and, as far as success- ‘ 
ful firiancing is concerned, ‘could not well’ be worte, | 
‘& "Thee engineer should pass on the nine conditions: mentioned by the author 
and, in addition, , Show the cost of improvements, going ‘concern, value, ‘and 
add an ‘estimated bonus “or unearned increment; if colonization is necessary 
25% for that item. Tf these items ageregate less than ‘the value. of land 
already developed, then the project could go ahead, However, if. expense for 


of colonization i is necessary, the greatest ‘care should be taken ‘to a all’ other : 
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tand years of ‘accumulating 


The writer’s recommendation to those contemplating irri - 

tion at time is. like that of “Punch to those matrimony, 

‘ namely, “ on’t”; : but, like Punch, he does not expect to have his ‘advice taken, 3 
fis. OVIL DOB OMIOS Of | Of 
nor would he wish. it to be. unless s his o own money were “involved, for on. the 


dreams « of the optimist and_ his courage, is_ progress founded. The optimist 


%: and the promoter and those of whom it is said there j is one born every minute 7 


keep. development from ten to twenty years. ahead of its time. It 


, no. more be stopped than. can matrimony on the part « of those whose heart is 

in in it. It is possible, however, to “give them run for their money,” ’ and to. 
that the projects are sound, although, possibly premature. 
he criticism of all ‘proposed developments and the methods suggested i is 

that a false stimulant: is almost invariably "proposed in the form of money 


| 


difficult the ultimate necessary out of 


=. it puts the ‘sincere, earnest, ‘and. competent in competition with 
the ‘notionate itinerant, the man who has failed in everything else, who is 


oT willing to try something where there i is nothing to lose and everything to gain, ok 


especially when there is a prospect of selling ¢ out: and moving on, | leaving extra 


burdens on n his successor, the burdens of increased cost, of discredited effort, 


, demand—no insis arm an 


time is not opportune and the project "Tn these « 


= project that cannot &« secure private capital at a reasonable 1 rate of interest 
“unsound ‘financially. ‘Non-taxable municipal securities are bringing 


2 to 4% interest; the tax- free bonds” of an irrigation district will find ready 


market if the interest payments are secure and certain. ‘ Tet the > saleability of fe al 


‘the bonds be | the final test, and let the policy | be not to sell bonds below par, _ 


nor to give bonds for | pores not to ‘employ : any colonization agent, and to 


offer only reasonable i inducements ; it that no 
Fu thermore, let ndividual owner assume a ‘definite obligation 


andl | a personal risk and let him know that ‘the debt ‘to the last 


farthing : must be forthcoming; let him join the enterprise « calmly, , soberly, and — 


4 in the fear | of failure; let him know and feel that success depends on his 54 


personal effort. and industry. _ Then responsibility will develop his judgment 


and his ability meet and ‘overcome difficulties. ‘Those projects already 


¥ started should be classified and those which ‘require an 1 expenditure greater 
= than their value ‘should be definitely abandoned until they can pass the acid 
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selfish and.cs care little these. developments hurt other sections, ‘they 


the “survival. of the fittest, ” in the. immutable laws, of Nature, of 
finance, and of political economy, a and ‘they believe 1 in every project standing 


on its own ‘merits. If they as fast as they. wish without a stim 


lant then they are willing to wait, pre erring to oad slowly, surely, and safely 


map 3 ‘Westerners pray for patience | and work for sound progress; pray as. 


‘if was no help on earth or from Washington ; work if there was 


no help from Heaven. | Then’ they will : return in the spirit to that time’ when 


they fought their way against desert and drouth and redskin and a 
fought with hope in ultimate victory and confidence in ‘their | own efforts: 
capabilities, when Uncle Sam more of ‘a myth ‘than reality, or rather 


when they were Uncle Sam in ‘all’ his 
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a ‘full water supply. In other words, they. have built at ‘first pa they could 


q Beye POLICY OF THE UNITED STATES BUREAU 


OF RECLAMATION REGARDING. LAND. SETTLEME 


A. Ercueverry,t M.. Au. Soc. C, E.—There is no doubt that the finan- 


h~1 cial results of Federal Reclamation as far as reimbursing the Government tis 
have not The ‘Finding Commission. found 


ts 


- 


a 


payments will be made on the remainder, 


_ which, past history would indicate to be a rather optimistic assumption unless 
a different policy for repayment is to, be enforced by the authorities. __ 
The failure in ‘Tepayment has been, largely attributed to. the inability of 


‘the land. owners to pay; and this has usually been, charged t to (a) the cost of 


construction, exceeding the original, estimates of ‘cost; @) ‘the inflation of 


4 1 private ownership ; (3). ‘the i inexperience of ‘the settlers. and their 
inability to finance themselves. _ These conditions are in general not | more 
4g unfavorable than those found on irrigation | Projects. built by irrigation dis- 


triets and other agencies. “On the contrary, * land owners on “the Federa 


‘ +: projects h have had the great advantage ¢ of having no interest to ‘pay on their ie 
obligations and ‘no cost of financing, such as discount on bonds. In addition, 

+ through the Extension Act, of 1914 and several leniency acts, they h have had 
a part of their payments due ¢ on the capital and on operation ‘nd maintenance . 


g _ Critics h have stated that some of the. engineers: of the Reclamation § Service aw Be 


5 have been more | concerned i in building monuments of | engineering than in the f 
~ economic problems of successful land development. Even if this were true the a 
water users have generally had more adequate water "supplies have 


manded better service than. projects built. by, other agencies. In many 


irrigation districts the land owners have had to be satisfied with only a partial 
seasons | supply during the early period o of settlement and ‘development, up 


to the time when they could finance the storage works “necessary to develop 


(of the paper by Mead, Am. Soc. C. E., “at the 
- Summer Meeting, Salt Lake City, Utah, on July 8, "1388, ‘and published in March, 1926, 
Proceedings) is printed in Proceedings in order that the Views be 
efore all members for further discussion. — 
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‘This was” the economic solution when these Disteicts, before: they 
become established, had to discount their bonds 10 or 15% or more, and pay | 


‘interest at 6 or 7 % oF more. It i is true that many failed, but < on the i— 
hand many y were successful and the failures. would have been much decreased — 


the projects been financed with no interest and no ‘discount on bonds. 


The ‘past policy for repayment ¢ to the’ Federal Government has been largely 
iy adjusted to fit the land owners who are either incompetent, unsuccessful, or 


unwilling to meet their obligations to ‘the ‘Government, with the result that 


s more successful and those who were : able to pay and, in | Many cases, willing 
to do sc so, have, either. accep pted the, advantages: of blanket reliefs or have made > 
their payments because of their sense of of pride in meeting just obligations. 
That non- payment has often been due t to unwillingness to pay is indicated © 
the records of the Reclamation Bureau. _ 


The of the ‘Bureau states* that in 1924 one of ‘the good 


pair ‘of ‘what it cost to operate it; another paid only 15 per 


that owed $440 000, only paid $25 000, or 6%; another 
:  piageae’ that o wed $16 000, paid only $69; and another that owed $112 000, paid» 
: only $6 000. The records show that many of the larger good projects received 


water for 11 to 14 years ‘before any payments were made on the construction | 
“whereas on other less desirable Projects payments had be made 


immediately after water ‘was first applied. At is difficult to find any | good 


» For’ 


or these inconsistencies in epayment.~ of the 


Tile ‘cost on Tune 80,1 1083, $10 000 000 


aiid the amount paid by the water users on construction to that date was less _ 
than 10 per cent. The economic conditions on this project are as favorable, or — 


é 


one more so, than. on many irrigation ‘districts where the land owners have 
had to pay in aisdbidints “hd? interést an amount nearly equal, if not equal, j 


Other projects have apparen willingness to pay or 
“have not taken n full advantage of the leniency o of the Government. The Orl “7 


owners: suffered a 60% ‘loss in crop production in 1924, due to the 
extreme ‘shortage i in water, they have maintained their record of full | payment. 


|  -‘There is no doubt that on pears of the projects leniency was necessary because _ 
| 


economic ‘conditions making the projects more or less unfeasible. 


these ‘projects it would seem that the best policy is for the ‘Goveriinent to 


that part of the cost represen ted’ by ‘its useful lu ue to the lan 


ja Should the Government undertake new "projects for bringing new 
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hae (8) Government ‘is to continue uke its’ fun 
veelaiming lands, how can it be used to the best advantage, with 


"Pe “answer ‘to the first question is that ‘the fair value of e each project 


the water users should be determined and the Project | turned ‘over to an 
& organization of the water users which will give as good guaranties as possible - 
for the repayment. This, is in accordance with the new policy of 
ma ‘The answer to the second question is that; for the present atleast, there 
js no réal demand for such new projects." From the standpoint of the Federal 
i Government there is no profit and from the ‘standpoint | of | the settlers there “ 
hould be no demand, if t complaint arising from many of them ‘properly 
true conditions. Disregarding these complaints, however, there is 
‘land under irrigation’ which” only’ Tacks: ‘settlers, ‘and in ¢ some 
- Joealities there are la nds fully developed ‘which can’ be purchased a t a cost 
- Tess: than that of creating newly developed farms. Mr.. Mead has stated that — 


on the five new ‘Projects authorized by ‘the last Congress each settler will, face ia 
an expenditure of $200 to $250 per acre before he has” grown a crop or has 7 "A 


established the productive value of land and water ‘irrigation. | In the 


Annual Report of the Commissioner Of Reclamation ‘of J une, 1924, the state. 


is made that irrigated fenced, with build- 


> 


this condition existing there is no general of 
‘ “nee lands — irrigation for new settlers; to be financed by the Government — 
or the State. New development should ‘be postponed until the agricultural 


mands it necessary. In s some localities agricultural and economic 


i “conditions are favorable to success res there is now, or soon will be, demand 
for additional lands’ that will ‘justify the undertaking of new projects. 
_ ae ~The answer to the third question is that the Federal Government should not car 


- fintt the use of the Reclamation fund by favoring a relatively small =o 


OPT land owners at a prohibitive ¢ cost to the Government, , especially” when it ap: 


parently has resulted in creating ‘a number ‘of dissatisfied citizens. Tt 
Sai its help to the most meritorious projects throughout the West and adopt 


. plan or policy ‘which will give reasonable security for, or even assurance of, t 
"The sentiment has’ been ‘expressed “by some séttlers that* ‘Reclamation 
“does not belong to ‘the United’ States, “but “to the West. Many will” an 


differ with this ‘view, but even if it is admitted us correct the West does not a ce 
consist: entirely of the land ‘owners on a few projects. it certainly would be 


that ‘eauses of failures are th 1e high cost o 
financing: new projects and the large development, cost, due to the long 
of time “necessary to approach substantial settlement: or development, 


— 
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by discounting their bonds 10 or as much as 15% and they.must pay interest §# $$$ 


‘we 


the bonds at 6 or % from. the t time the project is started . Operation and 
maintenance diate also be met. Later, the payments to retire the bonds 
a must be started. The burden is ‘excessive ‘especially during the first ten years, 
even longer for large projects, because the. area irrigation 


The largest results should be obtained by using the Reclamation. fund in 
accordance with the following policy. ga SAY 
“a . The Federal Government should take the bende’ of the Districts and hold 
a fixed ‘period of ten years or more, or until the projects have 


“been ‘established. to the extent reasonably required to meet future obligations, 
4 * when it should sell them to reimburse itself. These bonds should bear alow | 
ze Rate: of interest or even no interest (if the e Government i is to continue this — 
practice) during the period that the Government. held them. Should project 
ee be only partly successful , or not ; economical, c or not feasible because of engi- 
neering, agricultural, or economic mistakes, beyond what may reasonably 

on any ‘Project, the Federal Government should absorb 


m4 | The Government could protect itself by extending t this aid only to projects | 

which it considers sound, and. in which it can obtain satisfactory 
against land speculation during | at least the period. that it held the bonds, . ae 
This plan could be applied not only, to irrigation projects: built by ateenien 


where the cost of: reclamation, for levee protection, 


irrigation projects. Many of these reclamation districts have had to. 


a 
be financed with 15% discount on ‘warrants and 7% interest, followed by 2 a dis- 


psig may b be urged that Federal aid to the amount suggested will extend over 


a area than if it is applied to the more intensive aid required to build 
a project and also finance the | settler, and therefore may not be sufficient t to 


produce success. The fact, remains that there are many irrigation districts 


ie ny where the land owners have had to carry much heavier burdens than on the | 
Federal projects without deferments on payments and have generally done 
go with less complaints. This has resulted in the weeding out of the more 


incompetent. so that the r remaining land owners are good citizens who 
retained their pride and sense of obligations. The larger and more ‘difficult 
ue “projects. yet remain to be constructed; although they should not be constructed 


until the demand for agricultural lands has exhausted the s supply y of available | 


good lands already under irrigation and. awaiting’ settlers, they will. have to 
constructed, s some of them in the near. » and Federal. during the 


period of settlement will be most needed. 


“Tuomas H. Means,* M. Am. Soo, © 0. (by letter). +—Mr. Mead’s frank 


statement of the settlement problem the Reclamation Service 


brings out sharply ‘the “difference between economic conditions in the early 
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MEANS RECLAMETION BUREAU AND LAND SE SETTLEMENT 


voit, or where reservoirs were the main 
could be done by the farmer’s own labor. ‘The reason back 
of this | opinion was that the part of the works r requiring any particular skill — 
or necessitating the expenditure of money in large amou nts, -eould not be. 
done’ by! the farmer, but the lateral canals and the preparation of the land - 
z, could be cared for by farm labor, thus s placing ‘the land on a ‘producing basis. 
“a “Tn ene days, when a farmer estimated the’ cost of bringing a farm ae 
oo ‘cultivation, he considered the cash outlay necessary to do the work ; his labor 


and” ‘that of his family were not considered as ‘a’ ‘part of the Diteh 
| 3 building could b be done by his own labor and that of his teams. The provender F 


7 


— 


for’ the team was raised ‘at home with little cash required. Purchases of 


lumber’ and hardware in small quaittities were the only cash outlays. 


 ceries and clothing for the family were the principal items of expenditure and — 
in those days included very few” articles. Vegetables, potatoes, beans, and 
other principal items of food were home-raised—the first effort was toward the — 
ra raising of food for the family rand the animals on the place. | Cows produced — 


the m milk, butter, and cheese supply and the farmer knew how to ‘slaughter a 


usually and looked he production and of many 


Nowadays all i s different. ‘The’ prospective farmer inspects the : site e of his 

new farm in Tha ‘vehicle corisumes gasoline, oil, and tires, 

none of which can be produced on the’ farm but must be purchased for eash. 

annual outlay. necessary to keep a $1 000 automobile in running ‘order 

Bp to-day would have paid all the cash expense of : an 80-t -acre farm twenty years — 
ago. ‘The upkeep of a Ford at the present time ‘often exceeds the water bills 
and taxes on a " quarter- section of land Other habits of the present-da 

farmer require much cash. “A diet of bacon and ‘beans and home-made bread 
not ‘sustain life as it once did, and ‘the ‘farmer’ 8 table to-day is supplied 
from the ends of ‘the earth. Many: food products: once thought: to be luxuries 
‘are now considered to ‘life‘and happiness. ‘to 

ee great deal of the difficulty’ of the present-day farmer and his ‘inability. 4 

_ to make good o on ‘the farm without a large amount of money comes directly 
‘this fact. “There does not’ seem to be any. way of getting ‘around the 

matter ‘automobiles, radio, movies, canned fraits, and foods from distant 


sources are necessities nowadays a and no one seems willing to do without them. my ~ 


The" fact’ is ‘that more cash is required’ now’ than twenty” years ago. The 
standard of living is higher. The day’ of the pioneer is gone. Few men now 


seem inclined to go ‘out t the desert and carry 0 on the hard work n necessary 
to make a producing farm out of sand and water. Not only ‘is : the ‘inclina- i 


é tion lacking, but the ability to perform such’ a feat is possessed by fewer peo- 
far any large percentage of American stock is concerned, ‘it is 


poor material to use in conquering ‘the’ desert.’ ‘About the ‘only recourse is 


‘to hand-pick men of for settlers them un 
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4 “ects. th. none e of these proposed , new works is the. cost, of 


+: 


of and land on the farm. ‘Mead estimates the 


Per acre. 
interest, The to are in Washington, Oregon, and 


siderable number of settlers. possessed, of nearly the amount of 1 money 


a is incredible that many men with $10 000, or even $4000, in 1 cash, would 
to, undertake the hard labor, the, \privations,, which even in these days” 


000, which dias not earn ton, the “pright 
Is and the creature comforts to undertake to reclaim a desert farm. _ Among men 


with sufficient money the choice is, limited, therefore, to a small number of 


801 country life. enthusiasts who truly: believe that the country is the best | place 
in which to live and raise a family... There are still a few people of this sort 


who have enough money to, reclaim a farm, but there are ‘not + enough of them 


fill u a ‘very large tract of. desert 3 


w years hard work if, a 
of winning a little money. ew people are willing to half life- 


&g 


worth. He is taking x much risk ‘and buying the land at its full value, It is 
not an attractive undertaking, but it does offer a method of acquiring a farm 
r home that will enable many men to succeed. If the prospective settler has 

the ability 1 ‘to make a desert farm productive and. has. the hope of selling the 
farm for more than it has cost him, he will work, and work hard. . The only 


hope in the future: in lies in the farmer with the 
soi! 

There. are in 1 America few. men, sO constituted, as to be. happy 


OM 


be - when. struggling to » pay off a a debt, which stretches out thirty - years or more 
in the, future—few who are interested in working lifetime to earn a farm 


home. The hope of in the not too distant, future cannot be eliminated 


to; be from $4000. to $10 per farm, or roug ys $100 | 


In addition to Mr, sae, iter as had the of entiz 


less than $100 per aere and i in some cases it g goes to nearly $150 i RATE i This t 


cannot be entirely ‘eliminated, and the uncertainty of the final outcome of 
the tom make a home out of a.tract of desert land. A man who has | 
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¥ MEANS ON RECLAMATION BU 


> 


i ae ily ; something must be. done to x make it possible for the farmer to pay 
4 


uP, ina comparatively, short time. ai pon 


_ There are two problems—either. to, reduce. the. cost: 


reclamation | or to 


the cost, of irrigation works. All the cheap irrigation projects h have been built, 4 


Construction costs are not likely to decrease much during the present genera- 
tion, The farmer’s: expenditures on the ranch are more “important than the 
construction costs and, the toward the need of more ather 


ovit- 4p sai 


n,and 


Is and 
one of 


Aes ‘not, been seriously considered, but. many efforts have recently made 


to connect. the Reclamation . Service to enterprises in which direct s — 


would. finally have to be made. On, such ‘Projects. as those where construc- 


tion and farm costs equal or exceed. $200 per acre, there i is no possibility. of ; Paik 


paying for the farm out of proceeds in any reasonable time. If reclamation — 
is to continue 2 the Government is faced with the necessity of selling water ne 
eS or farms | at their agricultural v value and not for the cost of Seglamaar 
works, id would be better for one. if, « on such. a project as the 
Spanish Spring Project. in, Nevada, the water. rights were sold at per 


acre and the. payments collected i in 20 years, rather than have the full cost 


of $100 or more‘per acre spread | over 50 or more years. Raw sagebrush land» 
is seldom attractive. at costs of more ‘than Of course, no fixed | sum can 
be set for all localities, > for it. will, vary with the location, but there i is every- 
where a. limit. of. value. That limit, should be the maximum charge for water 


‘Tight no matter what the cost of the works may be fits toils mute 


oe 


ods "Be appropriate money for irrigation works i in excess of the probable return a 


Bene be a radical departure for Congress to. take, but it would be in line 
ith other Federal endeavors, such as leveeing along Mississippi, road 


5 


appropriations, and, harbor work. This. should be: the 1 next step_ it is 


| intended to complete the reclamation of the West. _ There i is no likelihood of 


ing much more irrigation work, except the better 


settled, areas and along the Pacific, Coast. Biel. This work is of sufficient im 

a ‘portance § to . call. for the help of the nation. _ There i is no reason for restricting 
future work to the arid. regions, overflow. projects: are of 


ars’ many places the burden of this cost. above the sale value of water rights — 
can be collected from the people of the immediate. vicinity a1 and not from the © 

National) ‘Treasury... Reference is made to places. where power ‘development 
we possible 3m small charge on such. development would | pay for storage and 


flood control and. not: be a burden, on any one... Such sanditions exist on the. 
Colorado River, on the: Columbia, and ‘on, other. streams. A mill or two per 
"Kilowatt hour r would not add any considerable burden on industry or the popu- 
~ lation of the cities, but would furnish enough money to provide for. reclama-— 
tion works) of great) magnitude. It, is. the, ‘writer’s, opinion that the people 
of Los Angeles, Calif. and the surrounding territory, would find it good. 


pay 0.5 25 cent more per hour. for. power if that, resulted in 
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MEANS ON R RECLAMATION BUREAU. AND LAND SETTLEMENT 


Vv irrigation districts. are finding it possible to build storage and 
sell the power ‘to public utilities ‘at a price large enough to pay the earrying 
on the reservoirs. Many re reclamation projects have very little power 


of value. Tf, however, the “Power could be way 


ther 


irrigation enterprises, over a a period of _twenty- years, “has: 


a caused the writer to hope that the day is not far distant when Government 


operation’ of irrigation works will | Cease, Nearly five years’ of operating one 


of the first Reclamation Service| projects and afterward the operation of a 


privately owned “project for three - years, and for the past ten years a close 
contact with a number of irrigation | districts have led to the belief that. the 
operation by ‘the Government ‘is the least desirable of all: methods. The 
ae reason for this belief is not that there is ‘any particular superiority in the 
methods or. personnel, but account of the’ attitude of the water ‘users. 
i 


Where the Government is “operating ‘there is no question but that’ a large 
and increasing percentage of the “water u users sre hoping that some means 


- the debts which they 


have contracted pay.’ The result’ is ‘that the local politicians have an 
opportunity to work and something to work on. ‘They, in turn, ‘work on the 
ew politicians until enough noise is created to attract ‘attention. The a 
eo belief is prevalent that if this noise can be made loud enough and continued 
— enough, relief will be offered them no matter if there is no justice in 


weed of relief. result, is ‘bad the ‘morals of the 


little. desire to get along with: Shea! provided 
; Wg until it is ‘paid for, and almost no desire to pay y off these debts to the Govern- 
"The management of the projects is’ directed: Denver, Colo., and 
lata De 0., which is a ba id thing, for long- distance management is + 


never satisfactory. regulations for ‘the governing of projects 


over 


To this end orgatiization is’ ‘being used 
erable success. One feels: that, the past, Reclamation Service operation 
4 has probably Been more efficient, more fair-minded, and altogether better than r 
could be expected local managers, but the writer is thoroughly 


oh vinced of the final r necessity of local management and assumption of respon- 
sibility by the water users. font tut) bidow dud 


Mr. Mead believes’ in’ the ‘selection of settlers and the establishment of 
advisers to. encourage re and foster scientific. farming and business-like selling q 
of farm products. Selection of the ‘settlers is certainly advisable. It is tte 


“4 altogether formula the selection of the 
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‘a large amount of “stick- -to-it-iveness,” most important of 


the mental. quality” which prevents: discouragement in ‘the face of failure or ji 


disappointment, are as essential as money. Records kept of the cause of 


success or failure of about 1200 settlers on irrigation projects led to the 


eonclusion that lack of. money was a small cause of failure. Plain ‘dis- 

often before there was any Teason for discouragement, caused 
50% of the failures. ovitos doidw esitouoo odt ui ein 
It has been tried, but not successfully so far. Certainly, selection can accom: — 
- plish something toward raising the quality of settlers above that of those = 

who have heretofore acquired homes on reclamation projects, There is, how- 

= a great deal to be said about the equal rights of all citizens to share ae 
_ the benefits of reclamation. A large percentage of men are incompetent no 

| fail wherever they go and in whatever they undertake. Sometimes, it a. 

a that it would be better to allow the ineompetent to, eliminate himself through | 73 
natural 1 processes rather than to appoint a committee to do it for him 
"examination in a preliminary Either process is a painful one for the ae 


— who is eliminated, bat when the cause use of elimination is his own act, his 


other factors than those which can examined by the’ proposed 


a ~ committee for selection of settlers enter into the cause of success or failure — 
- of a farmer. _ There are in California two interesting land settlement colonies Ny 
carried. out by State funds on a plan credited to Mr. Mead. One of these 
is a success, , the other, a: turmoil of agitation. Apparently many 


of the s ettlers on the latter must be eliminated before this colony can ever _ 


be made success. No amount of capital would 1 make successful farmers out 


1 home- ‘builders 


as _ ‘There i is little tendency to avoid paying the kind of taxes | that are. collected 
byt the ‘county tax collector. If Reclamation debts are placed on the same — 
plane. as county taxes, a ‘much larger percentage of collections will be made. 


; Iti is questionable, therefore, whether or not selection of settlers will prevent 


failures. Failures occur in any ay business and it is ‘probable that 
farmers are no more likely to fail than ¢ grocers: or any one of many occupa- 
4 tions. One must not expect the future of reclamation to be free from the 


frailties of human beings, is it fair t to place the blame of present- day 


failures on the farmers present reclamation projects. In the case of the 
en California land settlement colonies a great deal of widalinens has been evident _ ge 
in the discussion of the. situation, but this, be ing Btate 

ate 
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ON RECLAMATION ‘BUREAU LAND: SEITLEMENT 

Following the selection of the settler, Mr; ‘Mead the necessity aid 
and direction in farm development and of co-operation in disposal ‘of the 

At present, farmers receive aid in’ nearly’ all parts'of the 

country.) There is ‘greater need for such aid and organization in ‘the West 
where markets are’ distant than in many other parts of the ‘United States. 

‘The writer ha always: believed that such aid was necessary ‘and has*found 

it very helpful in many ways. In California, there are Farm Bureau organi-— 


-_ tions in nearly all the counties which are effective in 1 spreading informa-— 
tion on about’ methods of farming and i in marketing organizations. ‘There 


7 


effectively studied by the US. Dapieement’ of Agriculture through 


bureaus, particularly that of ‘Western Agricultural Extension. Every Recla- 


a field of ‘reclamation: does not seem bright when future development 


considered. The difficulties which’ have centered around the Reclamation 
Service have been felt by every. organization that built ‘Reclamation 


. There is little encouragement: to! go ahead ‘except in “regions where 
there is a decided demand for land. The warmer sections and the coastal val-_ 
close to large cities | are able to go ahead without Government aid. 
other parts of the country development i is not going On. years must pass 
Bs: Se before there is sufficient demand for new farms to make it possible to proceed 


a Tn the last a years much has been’ learned about how reclamation 


should be carried on. It is necessary to select the land carefully so that fone 
Wee the best be placed in the ha: nds of farmers. sfte It is necessary to-select the 
oS farmers in order that the farms be placed’ in the hands of none but the inobt 


ne experienced men. It is then essential that these choice farms in the hands : 
of selected men be organized and advised and *directec 


with these matters all attended to, there'i is no ‘hope that the. reclamation 


= 


‘mation project can well afford to support an experiment farm. | 


me profitable, and until good habits, in an agricultural sense, porns established. 7 


projects’ of the future will be free from failures. ‘The number of failures, 


land seems’ essential. Works cost more than the land is worth in 2 many 


W Pen cases, , at least more than the farmer can hope to repay in any reasonable time. 
The question of the future is whether work to: be stopped or whether 
Congress + will provide funds in excess of the ‘amount which can be collected 

from the ‘water users. | The extension of agriculture in the West is so impor- 
tant that Congress will be justified in ‘direct appropriation. 


- 
Direct subsidy of future reclamation when there is a demand: for: more 
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Swenpsen,t Assoc. M. Am t. Soc. ©. (by letter) This paper 
valuable contribution to the meager ‘information concerning this subject. 


Any discussion of it must ; be based, necessarily, ¢ on experience and observation e 


since it is. abstract, not to “say comiplex, and cannot be made o yield to any 
concrete or scientific analysis, would be surprising in a a discussion of 


a subject if wide differences of opinion did not develop, but, notwithstanding os 
ear! 


this condition, the wri er finds himself largely in witht ‘the author, 


and. will only endeavor, “therefore, to elaborate on one or two matters of major cet te 


- It is no easy task to fabricate a farm from the ey ror Se To accomplish 
the feat, a person ihust be equipped either with ample f unds or with an un- 
limited supply of physical Strength, endurance, courage, and with ‘mental 


ie elopment capable of directing these forces; after this is accomplished, the y 


The matter of colonization, after all, 


Success is used here in its pride sense ry 


& success is to be o 
mplies not only finaticial pain or prosperity, but happiness a nd contentment ne 


as well. To the extent that Government agencies, including States, cities, — 


and municipalities, engage “in colonization, it must be assumed that the pur- fi 


4 pose is to build ‘good citizens, ‘promote public welfare, happiness, | ‘and con- 
-tentment, and add to the well- bein ng of humanity and of the nation, generally. ae 


While other agencies are engaged i in ‘the business, and quite properly, forfinan- 


cial gain or’business advantage, the real seriousness of the matter— traffic in 
human not | be overlooked . Famili ies ‘should ‘not be encouraged 


Into ‘evocation. They 
Wit 


should be not but: in have. general fitness 


. a for the new life they are to undertake. "Education or understanding of one’s” 
‘ work and sympathy or co- -ordination with one’s . surroundings are essential to 
This discussion (of the paper by. Augustus Griffin, M. Am. Soc. C. E., presented a 
ok the Summer Meeting, Salt Lake City, Utah, July 8, 1925, and published in March, 1926 
_ Proceedings) is printed in Proceedings in order. that the views expressed may be brough 
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both financial success and happiness. After al all, these are the : real essentials: 
in farm life as in other businesses. ‘gid 
Primitive man, by reason of his limited mentality, was contented and 


happy with a full belly, ‘and a,gratification of his whysical,: passions, Int the 


present highly intellectual age, understanding of one’s surroundings and institt 
are essential to s success and happiness: There is no more interesting or whole- i 
some work than that of farming ‘under irrigation, dealing as it does with the 
natural elements of sunshine, soil and soil fertility, atmosphere, water, ete, 
the bringing of these together in maturing plant | life. The ¢ greatest 
_ turn cannot be | had from such a vocation unless: the participant is ‘equipped 
Z with, at least, a fundamental scientific knowledge of agriculture and the proc: 


td 


+ ‘structures a1 ‘and: the -doing of other tasks, and thus ‘proceed 


definite knowledge of the conditions and ‘things ‘with. which they to 
deal, Likewise, it must be a dull life for the farmer, isolated as he is | nizat 


= 
ut 
° 
Bo 


‘ extended contact with ] his fellow m 
training to consider the interesting scientific end of « crop with 
a irrigated farm, offering as it does conditions well adapted to i intensive | 


-— farming, the rotation of crops, and with i it, the continued building up of soil 7 


offers advantages not “enjoyed in agricultural territories where irrigation is 


fertility, and the adjustment of -erops to ‘meet market and other omditions, 

not practiced. With these advantages, however, the farmer also must assume — 

pr added responsibility and, ‘if success is had, must be equipped to farm under 
vig ... So long as the farmer must sit on | his plow from day to dan y with no other 


thought than. that of, how 1 nicely the furrow turns over, or how difficult 


daily ‘manual tasks are, farming will be a drudgery; but when he i is able to 


understand and analyze ‘the ‘simple, but very interesting and beautiful proc- 
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will cease and his 'deily, tasks will become a real pleasure. . When tl this condi- 


tion is fully. realized ‘and solved, the greatest 3 n colo- 


nization will, likewise, have found a satisfactory 


Uiew Gam cite just one glowing example: th 1910 a 1 settler was observed building — 
i Ks his house on a piece of land under an irrigation project in 1 the West. . The site : 


‘was on sloping ground. He had not even taken the trouble to level up the he 
foundation on which he was: building, and 80 inexperienced in matters 


a of this kind that this necessity. did 1 not occur to him. _After it was called to 


; his attention, he readily yielded to the suggestion and with some assistance 
provided a level foundation. Later, i in the building of the superstructure, this: 


made the mistake of putting the weather-boarding on house 
ce upside down. Similar experiences were had in the innpdoredieit’ of the farm 

He had wasted two or three years of his life | 


and, finally, in its operation, until after a comparatively short time, his funds 
and of his family with dismal failur e and to return to his 


and courage were exhausted. 
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work in. 1 the city, that of operating a street car. This man. was 
equipped | with physical, st trength and mentality to perform ‘the tasks on the ' 
a farm, but. neither of these energies were trained for such a pursuit. Had the. 


two years wasted on. the farm been. spent in an agricultural college, or other 
"institution, where the fundamentals of farm m mechanics, agriculture, agronomy, 


tr? 


_ soils, and other. subjects, are taught, this farmer could have moved on a farm 1a, 


much smaller resources and probably “would have 


In other words, if colouisetion on. irrigated areas is to succeed 


must. be selected atlas persons who are trained and skilled i n the art of irr 


_ gation and farming , and who are adapted by natural inclination and « environ 

ment to the work which they are undertaking. 
Assuming that the natural ist, for example, that the so il, cli- 


mate, market, and other conditions are favorable, that the water supply is ey 


sufficient, the irrigation works and systems are adequate and : 80 permanent 


a8 to insure a continuity of se service in “the delivery o f water, then the colo- 


ci nization, if done with the ‘right kind of settlers, will succeed. ‘Obviously, this me 


is the only means by which the investment in any irrigation enterprise can 


a It is rather unfortunate that, because of t the selfish ambitions of promoters, Jag 


citizens, communities, and other institutions, the tendency is to promote the 


- yeolamation and colonization of new or ‘unoccupied : areas in advance of the 
- time when ‘economic conditions, including a demand for inerea d farm pro- 
duction, really warrant ‘such development. In view of present ‘conditions, 
- the p policy should be to promote the interest and prosperity of persons alread WR 


on the farm to the end that each farm may be made : a good one and be put be 


on a dividend- ‘paying basis; if and when this is accomplished colonization of ae 
other areas can be had with little, OF No, ty, fund of 


CHARLES H. WEst, * Assoc. M. Au “Soa: ©. —With the exception of South- 


ern California and the foothill fruit areas of the great interior valley, irriga- ML 
if tion dev elopment in California is for the purpose of i increasing the agricultural — * 
i production of lands already farmed. _ Most of the small projects | are NOW com- 

pleted so that construction generally is for the extension of projects or the 
consolidation of several projects into one larger unit. The problems, 
are different from those of the projects of the arid region | built for reclama- _ 

tion, for in California t \e proper type of agriculture is ‘established and the ee. 

- best ‘methods of irrigation. practice are well understood. A ¢ hange from dry 


4 farming to ‘irrigated farming involves the subdivision of the land, the rating a 


The pioneer type of now a thing of the past. 
an? 


few ears ago. settlers could become shemale little capital and could 
- eet along on a small cash income. a ‘They produced much of the food they con- 


sumed and the standard of ving was simple, To-day, the family garden bei a 
and home- cured meat are seldom the grocery store and 


on 
a ut of virgin land. 


riculture of t e Univ. California, 
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“meat market the farmer’s food; the standa ard « of much 
family must have automobiles and a radio, and must go ‘regularly ‘to the 


“movies”. Taxes are also higher to the paved highways, the many modern 


school buildings, etc, _ Because of better transportation. facilities and better — 


Benge agencies, farm products are brought into competition with a much 


it e keener competition with older producing» areas 


ediicieney_ in operation, , and better business met thods. 


ae is almost impossible for a man with no capital to improve and p y for 


aa farm. He must have money enough to improve the land when iis bas s it o 

capital ‘enough to pay for his household an an operating expenses w ile 

developing ‘the farm, - He cannot compete with others if ‘only one-third, to one- 


his land is is. improved, except by’ ‘greatly reducing his standard of living. 
-day the farmer’ 8 family i is not willing to. remain on the land if too much 


hardship i is experienced, for is generally only a short distance to where 


easier er work can be ‘obtained. idl tees ad? ti 
_ Owners of land for subdivision, bankers, and real estate men | have con- 


refused to ‘Tecognize the amount of capital needed ‘to develop. farm 
land |. This is is emphasized by the Jack of i interest shown i nin considering planned 
farm settlement. If raw land ‘costs $50 per acre and when improved acreage | 


is worth $200 per acre, where is the settler to ge ret the $150 per acre to put into z 
the farm? The new settler usually has about 15% of the capital needed to ? 


of ital neede 
purchase and improve his land, and, b hence, his credit with the bank will be 
2 quite limited. — Only through help and co- operation from the former owner can 


PS Hom he hope to succeed. The former o owner often rents (to the settler) farm equip _— 


i =; _ ment or additional land and w introducing him and speaking a good word | 


ys for him to the local banker helps him to obtain credit, and often Schnee. gas 


a ments due him on the purchase of the land in order to help the new settler to 
become established. If the owner is not willing to co- operate to this extent he 


him 


To see the venture to half encounter privation and dis- 


jis unfortunate for both the former owner and the “purchaser. 


| Many land owners have found that failures on their projects are poor | advertis- >| 
ing and, therefore, expensive. . It is is being : realized d more ai and more that settlers: 
who have a possibility of success must be ‘selected and not merely those i 


have a strong desire to succeed. ‘The principal requisite to success, aside from. 
_ a strong § ambition and an inclination to work hard, is the necessary amount of 
eapital to deve op the arm n to full production, or the equivalent, an ‘amount ‘of 


e@ oped at reasonable rates of interest to see the venture through. PROS saxikiag 


To give a more definite | idea of the capital involved ina typical farm | 
California, the following illustration présented, This 


et = example has been selected at random from the records of numerous farms that 


a have been studied. <3 This farmer purchased 34 acres of raw land i in June, 1921, 
and no now has 26 acres of the 34 developed. His investment i in farm con-— 
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Buildings and b barns. ...... 3 458. 45 


Farm equipment. ines 


Ho Household goods. 
and 1 team of horses. .. . 00 ole! 


‘The total expenditure represents, $585 per acre and a expenditure 
Because of refusal to recognize lange capital required 1 to develop farm 
land no effort has been made to provide. financial machinery to bridge the gap 
‘between the limited capital | of. the farmer and the first mortgage credit available § [fF 
when the land is fully developed. This ‘problem. merits earnest. 
4 Trouble | also been experienced from failure to appreciate ‘the difficulties 
and the « expense involved in i improving raw land The planning and developing 
of farm land can be done most economically | by those experienced and trained in ‘a _— 
developing efficiently. 


This i is true w ith all f farmers. Tt takes ‘much more to get the farm layout 
7 
final form than was expected. This is only natural, cas a farmer usually 


develops but one farm i in a lifetime. fatiqss: to orivad $i 


a aS the status of the ordinary tenant farmer, acquiring land, with that fey. 


4 QF wi 
of the settler on the new “project. a The former usually rents until he knows 


eculiarities of ‘the farm and. has s saved sufficient “money to make a down 
ent of 10 to 15% on the purchase price > of the land. os contract of sale ey 
is obtained and for several years the operator, applies ] his earnings on the pur- 
— chase price, He works and saves his earnings from | a plant the | layout a 
which are familiar to. him. Returns from farming are small, It in 
takes a lifetime for a man to acquire and pay | for a farm. A I 


he 


aif: 

is. about one: e-third to one- half developed. He tries, to 


= 


Se 


one- -half its capacity. No wonder hardships and misfortune 


overtake bir him 


nd his family. In the past, lack. of capital has been paid for by privation and 
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N LAND SETTLE ENT ( OF IRRIGATION PROJECTS : 


has been an expensive sacrifice to all but those who get 


who. 


+ 29 


ee deeply impressed with the enormous waste in land improvement and the gross” 


miscalculation, by those i improving lan d, of the. capital needed for 


Possibly), ‘organizations promoting land settlement have refused to consider the 


their financial requirements. for Pay development, the speaker has been 


a Besides making due allowances for the wastes and losses in developing the J 
farm layout, in order to determine the “capital ‘requirements certain 

- assumptions must be made of the i income that may be expected from the land | 


* 


during the the period of development. Paper computations of capital requirements 


can be made by those experienced i in land development and colonization: work, 


‘Engineers make their estimates ‘of ‘the | cost of construction 


a [ on yardage c alculations, current costs of construction, and the usual ‘allowances — ‘a 
: Pg for contingencies based on past experience. Yet more of these estimates fall 


cee, 


‘short of the costs than equal or exceed the cost of construction. It is highly 
desirable to determine from actual figures” (1) the ‘degree of success usually 
yy attained in im ditching and leveling farm land; (2) the losses sustained i in using 
temporary installations until | capital obtained with which to install per- 


mhanent improvements; (8) what are the usual household expenses, incidental 
; and « contingent expenses ; (4) what are reasonable yields; , (5) how often should — 
ea crop failures be expected; (6) of the crops produced for how ‘much will the 


es producer find a market ; 3 (7 ) wh at are safe prices to assume; and (8) how much © 
outside employment ean the settler find while improving his farm, ete. These — 


| are ‘essential to 1 the project ‘settler. It is easy to ‘determine | 


oe checking, a and ditch eests for a large outfit of trained men using good equip- 


ment and having pler.ty of capital on which to ‘operate, but the results for the — 


_ farmer of limited e.: perience in land development, working with poor np 


_ ment ‘and with muc): less capital than he needs, i is a far different consideration. | 
Tf the owner of farui land to be subdivided will plan and improve the farm © 


before sale he will eliminate the usual ‘waste in land development, ‘but 


nay in order for the farmer of limited capital to make good it ‘will be necessary to a 
gell him land on small initial payments, charge a low Tate of interest, 
extend the payments of principal over a long period of years. _ Not: many land 


Bb 


owners have the capital or the desire to undertake such a program. 7 For own- ; 
ers of farm land who have not sufficient capital to subdivide 


Win 


Government, s0 some ‘provision ‘should be. mide’ financial 
assistance for the settler who u ndertakes the development of farm lands. 


. This financing agency must be asso iated with the management of the project — 
and be kept ‘free from politics. ‘State universities, the Federal 
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local bankers, anid settlers’. committees as possible, must 
have authority to deal firmly w wi th each settler a: as the merits of the case — 


The management must thoroughly business-like and each settler 


under contract should be "compelled to ‘follow out’ an approved ‘program of 


development. The agreement must ‘be flexible, but it must also be 
- definite and binding and should not be changed except by authority from the ne 


agency and the project management. is evident that 


we 


® 


should be given ‘only to those who have enough capital to put into the enter- 


prise to assure th their interest and close of the 
"management must check ‘up the operations of the farmer to see that he lives up 


to his: contract and performs in a thorough and proper manner the work he 
agreed to do. Competent agricultural are a necessity for such develop- 
‘the settlers must have, in | the management, 
ie There are no more misfits. in agriculture than in any other industry, but 


due to.a lack of consideration of the problems here mentioned, which are highly 


in land settlements, and also due to lack of appreciation of 
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R. MAN,t M. Am. Soc. C. E —This paper covers the subject: 
‘thoroughly t little concerning the character and importance of irrigation 
developmen through irrigation districts can be added. at 


gate 


tod The farmer in the humid regions is perhaps the most independent: and. P 
therefore, the ‘most sndhividinsliotic’ citizen in the United States. Ry He plows Leal 
plants and harvests, independent of his neighbors. immunity the 


PEN 
rs an independence which a 


or ui 


; necessity of help from others has given these farmers an in 
under ¢ certain conditions may be a serious handicap. = 


Farmers produce life’s necessities. ‘They could, control the food supply. 


i Before a man will endure | long the pangs of hunger, he will gladly give all he 


it be said, as ‘selfish, as many business men, they would “sit tight” ’ and demand 


for foods” that would make them the multi-millionaires— the “great 


pred Will: they do ‘itt They will not. not Because they cannot; they 


possesses for food. this advantage if farmers were as shrewd and, 


ence working with others, they will not fact, their natures 
are such that they cannot work together—they cannot trust their 


Where, however, irrigation i is a necessity and the ditches to 
be built; are ja Bl than one farmer can construct, he is ; compelled to get the 


that | all the simpler irrigation ‘systems in the West have been built 
individuals partnership enterprises, and private corporations, the day has 
‘come when public corporations must be called on to furnish for long periods 
the great capital needed. So stupendous are the dams, canals, power plants, 
and other parts of ‘the irrigation systems remaining to be built that their con- 
demands 1 not only the « -operation of the States, but ‘that of the 

‘at ‘Thus has ‘been thrust, on the farmers of the West the necessity of co- 
‘operation, the idea of working together, and the » irrigation district is the 


a 

latest. and, thus far, when organized under favorable and proper economic 
- * This discussion (of the paper by E. Courtland Eaton and Frank Adams, Members, 
Am. Soc. C. E., presented at the Summer Meeting, Salt Lake City, Utah, July 8, 1925, and 
“" _ published » in March, 1926, Proceedings) is printed in Proceedings in order that the views 


expressed may be brought before all for further 
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conditions, 


controls | and perates- counties an nd these 
These organizations have many advantages: 
control; the organization can be formed without distressing delays 


wv shen private contracts have to be made; no abstracts of title need be secured ; 


= 


made the same as those for general taxes, and they are collected by» the same a 
of the district ha have priority over private mortgage 
liens on the property i in the district, and with the approval of the Secretary ry 
Interior the of even the ] public land that is located 


Such an organization necessarily has a standing i in the financial world that — 


iduals and private. corporations cannot possess. Districts can co-operate 


readily with the U. S. Reclamation Service. ‘They eliminate undesirable 

t. speculative features, and | are able, because of their stability, to continue suc 


cessfully when organizations without such standing might fail. Land operated 
an irrigation district can be put under cultivation can “meet 
“assessments earlier, will have a more rapid development, and will, in a shorter 


5 

; eee hile these. are some of the advantages of an irrigation | district, there are 

disadvantages. In a district definitely specified benefits are ‘assessed agains 

specified .¢ areas. ~ Once made, this assessment, however unfortunate, however 


unjust, can be changed, it seems, only with very great difficulty. KY: aod. a oigsrte 


.. In one district in U tah, 80 the speaker I has. been informed, the land owners 
aye 


organized, thinking that water allotments “could be i nereased or "decreased 


_ from time to time. It ‘seena that many allotments ‘were increased without the is 


"knowledge or consent of the land owners. Allotments were improperly and 


For example, the cost res acre-foot of water is $100. The 


area ‘proves to be less than 4000 acres. The’ bonds were sila’ ‘at $84, The 

Be required annual paymen per acre is, in round numbers, $16 for each acre- -foot 

- of water, and, therefore, for land having an allotment of 4 acre-ft. ., the annual 


— cost per acre (and these payments will cover : a period of twenty years) i is $64. 


- It has been stated that 4 acre-ft. have been allotted to some land on whieh 


wa no water at all can be used. o one under these conditions would make such > 


ot looks as if all concerned i in this district had i in mind in the beginning © 
‘that amounts allo tted could be be changed from time to time and that | the final © 


4 adjustment be to the s satisfaction of all interests. ‘The Utah law how- 


> rossest injustice it seem n- 
ever, at | once fixed these allotments so 80 ses t it seem ca 


Session Laws, 1921, p. 191, Chapter 73, Sec. 


no profit is paid for promotion the. assessments for these districts are. ' te : 


no ‘strong, dissenting minority can delay progress indefinitely ; theoretically, at 
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7 of the State Engineer, the Attorney General, and the Superintendent of Banks 


“The Board of Directors * * shall’ * * make final revision and allot- 

- ment of available water * * * provided. that * * * such final allotment may a 
not thereafter | be decreased as long as there may, be any outstanding indebted- 

ty ness in excess of 2% of the assessed valuation on the lands within the mf, a 

Then, again, if assessments in this particular district are aad paid, the “ay 


oi) 
it is stated, cannot be sold because the’ metes and bounds of the areas on whieh 
the assessments have been made, have not been given in any case. The word- | 


A of the allotment “Ten acres of a specific 40 acres 


How for such a 1 10-acre tract 


also must come sooner or later to all who havea financial interest in it. 


farmers are entitled to know the complete facts” concerning 
proposed irrigation. district before they assume the finan obligations it 


imposes. The State or the Government, or the two together, should provide _ 
competent engineering service in all: cases of this sort. The Mapleton and 


‘Springville Irrigation Districts, in Utah County, Utah, which are operating 


under the ‘Strawberry ‘Vv alley Reclamation | ‘Project, ‘seem to be pronounced 


bi 
The irrigation ‘district isa to ‘Grrigators. _ Experience ‘will soon di uf 
close the imperfections in the present law and present methods of 


tio 


n. With these corrections, irrigation districts will be powerful agencies for 
moting _ co-operation among irrigators and fo advancing agricultural 


*e LB. Lippinoorr, * M. Am. Soo. 0. E —The State of California now has had 


years’ experience in organizing and operating irrigation districts. 


twenty-three years there have been a series of to that 
Act that ¢ are particularly directed to the enforcement of the collection of the — 


"assessments and obligations of the irrigators, Probably, the most effective 


- factor has been the appointment of a State Bond Certification Board composed — 


Werks 
the ‘State, who, with their respective expert knowledge and abilities, 


able to. pass on the leg: al status, , the « engineering features, 2 and the financial | 


features of the irrigation di districts for presentation. to State authorities. 

‘Tt has been stated that 2 2 000 000, acres have been irrigated by. the Federal _ 

= ‘Heblamsation’ projects.” California has irrigated 1 more than twice that acreage 


under the State Irrigation District. laws. There are now 98 rrigation | districts: 


in California. a The breaking up ‘of large land holdings has come automatically — 

eae so that, in 52 districts of which the speaker has records, the average area of a 


its 4 
ideal one and the one which the Federal projects are endeavoring to approach — 


farm is 58 acres, which is a small farm unit; but the small farm unit is the 


PINCOTT ON IRRIGATION DisTRIcTS 
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ers. ; COTT ON IREIGATION DISTREC 
The enforcement of the collection of the ssessm 
operating expenses has been ‘made most effective. The primary authority is 
Board of Directors. of ‘the District, but’ if they fail in cearrying ot out 
duty, the: County Board of Supervisors ‘and the County Attorney ‘are required 
*. under their bond to carry out and enforce the necessary acts for the collection 
é * of these 1 moneys. _ If the County authorities fail, then the Attorney. General. of 
the State is, under. the law , obliged: ‘to proceed in the ‘collection of the neces- 


_ sary funds for the payment of these charges. If the taxes are not paid, the 
lands are s sold by these authorities. As a result the irrigation district bond in — 


‘California to- -day is considered a more than: the ordinary 


In California only 147% of the area of the districts—of m more 
han 4 000 000 acres—is in any way delinquent i in the payment 0 of their obliga- ‘wa 


ti ons; ; but 94%, of the bond i issues are temporarily delinquent. According to 


e bondholders and the State authorities these small, adjustments | ‘are well 


a The irrigation district bonds in California are on a BS to 63% basis when- 


ever they are approved by the State Bond Commission. If they are not approved < 

_ by the Commission, they are not marketable. As far as irrigation problems are ae 
concerned, ‘the State Irrigation District is a | satisfactory and effective institu- 

tion. It has its defects just as other large institutions have, but it is a success. 8 3 

All this refers now to “The California ‘Trrigation | District Act”. There are 


other broader Acts that provide for co- -operation between the various districts, 
political v units of the State or subdivisions, or with the Federal Government | 


record is of especial interest with the various reports 


of the failure to make adequate and prompt collections on these Federal and : 


a In the selection of these Federal projects, Dart engineer was there, of course, — 


Chambers of Commerce, ‘delegations of farmers, delegations of citizens wi who 
to ‘Washington and pressed their claims on and the Secretary 


the Interior—they largely the con 


“adoption” of the “The al fellow” as as 
¢ they had money to spend, but when the money was gone, these same ‘delegations ae a 
4 were back in Washington with all their reasons | why 1 the b bills should not be 
- paid and why these contracts should r not be carried | one on the ‘part of the 
-irrigators—reasons why they should not pay for these projects that they have Be 
built, without: interest. was that pressure of “statesmen” and of 
"politicians that was instrumental in encouraging this delinquency. The engi- 
neer has been a very convenient ‘ “goat”, wid 
_ While this “Fault- Finding” Commission has gone throughout the country 
giving a volume of its reasons why these payments | have — been made, ‘the 
they have not been insisted upon. California has the 


ame sort of farmers ith much same crops, , but have paid. their 
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Califor nits The engineer is not for this 

~The Worst. conceivable wa way to go before Congress or State authorities to 
for the expansion of irrigation enterprises in ‘arid 
Poem with a number of repudiated ¢ contracts. . Before getting morc — 


rt 
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proms thing to do i is to pay | the bills. for the work that has already been 
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oney for big prensa like the Colorado » River or the Columbia River q 


° 


a 


cs 
apy 
& 

sto 
qe 
a 
— 
4 

22 i 
3 

— 


> 


a 


~~ 


Lf 


SPECIAL COMMITTEE ON -FLOOD- PROTECTION DATA 
Discussion* 


ugh: Morris Know LEs,t M. Am. Soo. C. E.- —The Committee is to be commended 
for going on, undiscouraged i in the face o: of difficulties. It i is trying to accom- 


a very worthy piece | of work. All who have had to do with the study 
flood conditions. know how diff difficult it is people 


As the Committee has stated, the theory of probabilities | seems to fit , and an 


x is one of those things on w which people like | to base their guesses,- even ig 
there are mathematical principles which apply; and people wil continually 


_ guess that they are not going to be affected for some time. _ 7 The City of 


~ BA % 
Pittsburgh, ‘Pa. 18 suffering from such a delusion at present, because, while 
we considerable progress has been made, those who are familiar with ‘the situation €: 
_ have an acute realization that, in . order - to arouse people, a startling catastrophe | Sag 


such a catastrophe, an authorization for a survey 


been obtained, thanks to Governmental and State appropriations, _ Through 


-ordination of those interested ‘in floods and those interested, 


planning, a report deen submitted which will bring to the attention 


is ‘the | citizenry the necessity for a large sum of money to be included in a bond ‘ 


for protective works, Incidentally, has been accomplished in the 


4 “g0- so- -called prevention of floods by the building of many reservoirs on the water- — 


oe unde r the auspices of private capital, 2 Private capital is interested in 


rvoirs for the development « of water power ; and those reser- 


a 
_ voirs: have ‘contributed not a little to the diminution of destructive floods. 
Any one who can do anything x the promotion of accurate, > studies on i flood 
ere sh lo. 80. Silt ‘worth 
atters anywhere sh ould do so. It is an object that is worth 


ott oF 28° .DUR | ito eobutiagen 3 19% 


E. Hortox,t ™. Am. Soo. C. —The ‘collection of flood data isa 
proper Federal function | and the Federal Government should be ‘persuaded 
provide funds to the necessary work. There is volume of 
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This discussion (of the Progress Report of the Special Committee on Flood-Protection 
b et Data, presented at the Annual Meeting, January 20, 1926, and published in March, 1926, Cee. _ 
Proceedings), is printed in Proceedings, in order that the views expressed may be brought 
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a 
TON ON FLOOD-PROTECTION DATA 


* 


Seems proper to make the suggestion tl that. co- co-operation be e secured 
"companies with reference to furnishing flood data. “Many power companies 


record floods and flood conditions | on streams where they operate. If there is 


‘ane the date than if there is no outside the: 


One advantage of obtaining - records from companies that they 


‘self-interest ‘compels them ‘to watch maximum a floods closely. Another 


Teva 


- advantage is that at present most of these companies have dams of excellent 7 1 
’ construction and usually with ogee cross-sections, for which reliable discharge i Man. 


are now available. There need be no serious error in the selec. 


ischarge coefficient for a well- constructed ogee , dam, especially for 


heads and flood conditions. In fact, coefficients of discharge over dams 


more reliable’ for high heads: than ‘for slight depths of overflow. On he 
aw hand, the current meter is not well adapted to ‘securing siti ob 


agen. _ For example, in the procedure of the U. S. Geological | Survey, 


m one of its field engineers will have possibly twenty to. one hundred locations — 
in his ‘territory v Where would’ tike' to obtain the peak or crest of some par- 
ticular maximum flood. If he has half a dozen assistants and current meters 


he will fall far short at best of obtaining all the available data. the 


The use of a current meter in a flo od is, however, subject to difficulties, — b 


in the Northern States. Ifa great flood occurs | ‘at a time when 
ice is going out the current meter may be practically useless. “ At other sea- 
sons of. the ye year sar the flood may carry drift and débris to such an extent as to 
make it impracticable to use a current meter, except perhaps to ‘measure the 
‘ = velocity of the stream. Even if the- stream is clear of ice. and débris, 
it usually requires more equipment ‘and ‘a ‘assistants to obtain good results in 
easurit n flood ‘discharge at a given gauging s station than 
for measuring or ordinary and low discharges. ‘This Tesults from the tendency for 
omy the ‘meter to swing down stream with. the higher velocities during floods, ‘the 


eae likelihood of there being silt in the water, and the fact that during floods the ; 


cross- -sectional area is much larger than at ordinary ‘stages wat there are 


a likely to be side cuts and overflow channels often more or less obstructed with 
=| 


ion of a d 


the application of data of maximum flood charges there are two 


things: which an ‘engineer may want to ‘First, as to the frequency. of 


ig floods of different magnitudes 01 on @ given stream; and, second, as to the 
— 


 absohite : maximum discharge which Nature can produce from a given drain- 


hao The writer is firmly of the opinion that there is maximum ‘or limiting 
aa ‘flood ‘discharge for each location on any given drainage basin. — In other 


Nee _ words, Nature can no more produce a ‘Mississippi River flood on the Hudson 


River than an ordinary barny: ard fowl can lay an egg a yard i in diameter, and 


1S 


for very much the same reason it would transcend Nature’s 


nder the circumstances. 
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e svent if ‘the record i is only continued for a sufficiently Tong period. “Other 
= 


event. In ‘the: writer’s opinion the latter are applicable to 
phenomena dependent on rainfall, such, for example, as flood discharges. 


There’ several probability formulas” of. this type. One which has 
— iy the writer and which seems to give realest results 


ence to flood discharges takes the form: 


in which, a, _k, and n are for the particular stream and location; 


ag 


the average exceedance interval, in years, for a 


+R; and F is the limiting flood discharge expressed as a ratio with respect 
to the average annual flood on the same stream. rte wil 


Examples of the application of this frequency or probability formula to 
annual rainfall. and flood ‘show that it gives 1 ‘results i in good agreement 


| swith observed series of data. To use this formula, merely 2 a reasonably long 
record is required from which to ‘determine the constants. In other words, it 
f is possible from a flood record of moderate length to determine by this means ~ 


approximately the true maximum or ‘Hmiting flood ‘discharge for the given 


the Mean Precipitation on a Drainage Basin,” by Robert E. Horton, Journal, New jane 
Water Works Assoc., Vol. 38, March, 1924. 


For examples.df to see the paper entitled Determining 
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Walter M Mason Camp, the son of Treat and (Brown) 


Camp, was born at April 21, 1867. ‘He came of Colonial 


Ni 
Essex County, ‘England, in 1631, with the Rev.iJ ohn Eliott, and 


ti - settled i in Massachusetts. Both his paternal and maternal ancestors served i in 
y the Revolutionary War. His father who was an insurance ‘surveyor and the 
cee of i insurance literature, served as Captain of Company F, 52d Penn- 
sylvania ‘Infantry, dyring the Civil ‘War and ‘was once ‘confined in Libby 
AK Mr. Camp received his preliminary education by winter attendance at the 
Public School in ‘Wyalusing, Pa. At th he age of nine he was’ employed as. a 


"Geen ds in a planing mill at Wyalusing and, later, for four years, he worked 


a farms and at lumber « camps. ‘From 1882 to 1887, he was with the Lehigh | 


Railroad Company as Trackman, Chainman, and Rodman on. prelimi- 


nary and location “surveys, and double-track « construction, and, later, on exten- ; 


sive river surveys for bridge location. - During this time he acquired also a 


In 1887, Mr. entered Pennsylvania State College, which | he 
was graduated in 1891 as Civil Engineer. For a few months: following his 


graduation he served as a Surveyor v with the San Jos oaquin Valley Railway Com- 
is pany, at Fresno, Calif., and as Draftsman in the office of the Chief Engineer 


ie the Sout! hern Pacific Company, at San Francisco, Calif. | From 1892 to 
art! 
1894, he was ‘Engineer | and Superintendent | of, the Rainier Avenue Electric 


Railway, Seattle, Wash., which extended eight ; mil les into the suburbs; he had 


ta 


road. He ‘designed and built rolling stock for heavy freight: traffic, repair 


the railway and also” designed and rebuilt a counterweight ‘system for 


operating electric cars on a 1 7 7% grade. “and, 


Ponca) Pity Camp was with the Seattle, Lake Shore, and Eastern Railway Gem- 
pany _as Engineer i in charge of building | spur- -tracks into lumber camps in 


894 | and 1895. His work here consisted in relocating and rebuilding parts: of 


main _widening cuts and embankments, and reballasting parts of 


in and steam engineering at the University of Wis- 


Memoir compiled from information | on file at the Headquarters of the Society. 
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hops, station buildings, and wharves for the steamers ‘operated i in ‘@hateation 
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in 1896, taught short time in the National School o Elec 


Ve 


Materials for ‘and served as s Superintendent of Constructio: 
for the Englewood and Chicago Electric: Railway ‘Company (a storage 


‘systein for ‘this Company i in Morgan Park, yp 


ee In the spring of 1897, Mr. Camp became Engineering Editor and, later, 
_ Managing Editor of the Railway and | Engineering Review (now the Railway 


Review), in Chicago. He served also as Consulting Engineer to the Engle 
and Chicago Electric Railway ‘Company, with reference to the oper 
tion of the counterweight system and in repairing AVENE 


acted as Consulting Engineer to capitalists investigating the cost” 


of construction, operation, and possibilities of an electric railway 


of Chicago i in to fastenings and the ‘of 


concrete ties. In 1900, he was consulted by the Kobu Ra ilway Company of 


Mr. Camp was admired as a writer by: members of the railroad fraternity 


particularly well versed i in ‘matters relating to track ‘maintenance and auto- 


matic train control . On learning of his death, one of his associates remarked : 
e “He was the best- informed man I ever knew”. - His published works, excluding — 
his editorials, » comprise “Notes s on Track,” ” which is used as a textbook “a 


having Railroad Departments; “Life of Samuel F. Patterson” and 
- “Railroad Transportation at the Universal Exposition, St. Louis 1904”. He 


_ Was al also the — of numerous papers published by engineering and histor- pee 


ts ‘ical associations. No one was ever in doubt as to ‘the exact meaning | of his 
editorials, which 1 were based on thorough investigation n and ‘sound knowledge. 


ty! Although devoted to the work of his profession, Mr. ‘Camp was a ma 


of varied interests. — He was fond of outdoor life and owned and operated ; 
farm Lake V illage, Ind., where he became successful farmer. He also . 


customs, and history. “He spoke a of Indian languages and 
oe had made a study of their wars with ‘the white ‘man from the standpoint 
the Indian. vacations were often spent: in research ‘work k on their reser-_ 


ir vations in the West where he was a welcome visitor, ‘and it ‘was not unusual 

to see a group of Indians in his office seeking advice. Mr. Camp was also a 


student ¢ of Astronomy and was’ “interested in ‘the « question of whether or n 
i the planets are inhabited. In his will he provided a fund which i is to be used 


by the Northwestern University to carry on research work to investigate this ec 


profited’ ‘by his kindly counsel. His cabin’ and his farm were 


tert 
always at their disposal. “He was married, at Blue ‘Tsland; Tl. 0 n May 2, 
1898, to Emeline L. F. who survives him, 


J apan in the matter of the selection of track materials, 


because of the clear and forceful presentation of his opinions. He ‘was 


+ 
2 
a “a 
wn) 
nial 
— 
who 
— 
and 
the 
enn-— 
ibby 
4 
a 
the | 
high 
limi- — 
xten 
. 
Iso 
— 
Com- 
92 
ectric 
of the 
repair | 
ction | 
| 
Com- 
F — 
in 
rts of § 
rts of — 
ection 
‘post: 


we oe tenance- -of- ‘Way Association ; Society for the Promotion of Engineering Educa- ; 
tion; Permanent Way Institution: (Great Britain) ; Railway Signal! Associa- 
is - tion (now Signal Section of the American Railway Association); Mississippi 
alley Historical Association ; Western, Bngineat) Chicago. Engi- 


neers Club, and others... T omesed: «pais! ) Yo odt ol 


Bag. Map Camp was elected a Member of the American n Society of Civil. Engi- 
neers May 1, 1901. paistua 2109 oin beviee sis uti, 


N. J. , on August, 1867. He was the son of Martin Ryerson and Julia 


‘Goo Everett, both of. whom died before he attained the age of ten. 


attended the public schools of Branchville and, after graduating, entered the - 
of one of the merchants of that town. pale , to. satis: 


2 Mr. Everett went to New York, N. Y., and accepted a clerical position 


with the J ackson Architectural Tron Works. _ While thus employed he met many 
and mechanical. engineers ‘and after. learning of their 


became so interested that he ‘decided to become an engineer. He immediately 
entered the evening sessions at Cooper Union and received the degree of 


of Science in 1898. At this he was i in charge of the Structural 


Shop. of the Jackson Architectural Iron Works. — B; QV pages 


i In. 1900 , Mr. Everett went to Newark, N. J. o to be Shop Manager and 


. “ Designer of Steel Structures for Cooper and Wigand, Contractors and Engi- 
. neers. ‘After receiving the degree of Civil Engineer from Cooper Union on 


28, 1904, he became connected with the Cooper-Wigand-Oooke Company. 
_ From 1906 to 1908, Mr, Everett was | General Manager of the Cooper Tron | 
Works, of Newark, Resigning from this position he engaged in private practice © 
as a Contractor ; and Engineer, continuing as such until 1910, when he became — 


_ Nige- President of t the, Hedden Iron Construction | Company, i in charge of opera- 


“tion. After. serving as Vice-President. with this Company for two years he 
1914, he incorporated the ‘Company known as. the Martin: Everett, 


Incorporated, Engineers and Contractors, with in Newark, 


a with, whose. good fortune it was to know ‘him well. 


interested i in sports and. athletics as a young man, he ¥ was an 


astic supporter ‘of them ‘throughout hie and never in 


witnessing some big game. noid 


7 
Memoir prepared Graff, Pres., Martin R. Ine., Newark, 


, 
a 
tt 
ON 
fa 
My 
St 
M 
Fe 
ti 
— 
— 
ye be 
— 
— 
— 
— 
— 
— 
| 
— 


in ‘East Orange, N. J., for twenty- five years,’ 
was the Arlington Avenue Presbyterian Church of the 
= and was also a “member of many fraternal and community organizations. 7 + 
He i is survived by his wife, Lillian Robertson Everett, his son, Martin Rye 
Jr., and his sister, Miss Jennie H. Everett, of Bayonne; N. J. 
ws Mri Everett was elected a Member of the American Society of Oivil Engi- 


we 
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Franklin Ide Fuller, the son of Leonard F. and Mary I. F uller, was born 
els 29, 1858, in Providence, R.. I, of an old New England family. He 
a attended the public pe afterward becoming ; a student of civil engineering Ps, 
while working offices of, the City Engineer of 


my 


ee failure of the Northern Pacific ‘Railway Company and the cessation of railroad 


in which he continued for four. years, devoted largely to railway an 


real estat ness, . ) oft! vide bloil enw. od! doldw) gin oil 
me 1892, he became connected. with the Portland Cable Railway iceneat, 


and remained with this Orman and its successors, through several consolida- % 


Péotland thant man: When t e Cable Company 
Portland Traction ‘Company, Mr. Fuller was made Manager and continued in 


office until the Company was merged with the Fortland Com- 
pany, when he was made General Manager. ood, a 


By. his forethought. and hard work he saved his. ‘Company fi 
during the panic of 1893. Banks, stores, hotels, and all lines of business were 
3 being closed. It was ‘the blackest hour of Portland’s history. Mr Puller at. 


at 
A. 


put ‘the line on as low: an operating basis as order to ge 


— 


business houses, even taking the districts and selling 


from house to house. In 1904, came the amalgamation of the Portland Rai 


way Company and the City and Suburban Railway Company, forming 


— 
q 
7 
e 
— 

e — 
q the technique of his chosen proiession, end his term, he entere 
a uh railroad service and was engaged in location and construction work on the — 

n Forks, Weat.Shore.and Baffale, Railroad. yi 
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_ a Memoir prepared by J. P. Newell and D. C. Henny, Members, Am. Soc. C. i at _ 


7 


_ for a year, then the properties were purchased by ‘the Clark and Seligman Eigen 
a] interests of Philadelphia, Pa., and Ne ew York, N. Y., and the Portland Railway . — We 

The incorporation of the Portland Railway, Light, and Power. Company ff 
od came in in 1906, with the addition of the lines and other property of the Oregon a, 2! 
Ww ater, Power , and Railway Company. Mr. Fuller became Vice-President in 4 as E: 
"charge of the railways of the » Corporation. A ef 
One of the monuments to his engineering ability and | progressiveness is the the 
Portland Heights Street Car Line. At the time it was projected, it was said 
to be impossible, and impracticable, but his professional eye : saw the way clear f cha 
e to the fulfillment of his plan, and for years this was the most scenic ity ote _ 5 his 
At the time of his death, Mr. Fuller was official i in ane his 
q ae portation work on the Pacific Coast, both in length of service and in age. fie * pro 
was” active in the affairs of the Chamber of ‘Commerce, at times serving as io + oul 
Director. He was also member of the “Woodmen of ff the World, Moder 
ae Wo oodmen of America, Royal Arcanum, Arlington Club, and Multnomah Club. Zs 
He was a Director of the Lumbermen’s Trust ‘Company and of the Oregon in 


April 14, 1886 , he was married t to Anna Jessie Parrish, of Portland, 
who st ‘survives him, with one ‘son, Leonard F. Fuller, Chief Engineer of the 


ant 
outstanding feature of Mr. Fuller's professional: career ‘was his work 


“as ‘an executive, with the task of administering the intricate affairs of a great 
public utility. In this position the many- -sidedness of the man was apparent. 


In the settlement of the innumerable controversies Which arise between city 


_ officials and a street railway c company, Mr. Fuller’s word was always conclusive. v. 


The esteem in which he was held by ‘the City Counéit of ‘Portland 


Por 

. account of his long service in rare community and his intimate knowl- 


edge of local transportation and traffic problems, the counsel of Mr. F. I. Fuller — 


hi 


— 


was always valuable in assisting us to arrive e at a fair and reasonable solution. — ae " 
He was a man of exceptional ability, sound judgment, and high moral char- a . S 
acter, always patient and considerate of the rights of others. Even i in the face ae 


of strenuous objections he was always calm, deliberate, and courteous in pre- 
- senting his views, or in pressing the claims and wishes of the large utility he | 
represented. _ We voice our deep regret at his passing, because we realize that — 
- Portland has lost a valuable citizen, and the profession of engineering an ‘ 
honorable and worthy member.” te Ao od! gaits 


Fl cxc. Modern conditions of ‘employment offer many 0 opportunities for friction with | 
x ubordinates, but. the character of Mr Fuller’s relations with his men is Dest 
f rd evidenced by their spontaneous tribute in a memorial addressed to Mrs: Fuller, 


Gis Fuller, we, his 00- in the Portland 
Hs Electric Power Company, feel keenly the loss of a faithful, sympathetic friend 
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“His high sense f honor. and Com 
a ‘leo served have been an inspiration to all with whom he came in contact. ig 
We know no act of his life that does not express kindness, tenderness, and oa Bi 


= 


y one with such huvnility, the position he has 
o long and honorably filled is an example of the highest ekeiaieoel % 
— _ The esteem in which Mr. Fuller was held by nis associat ced y 
the President of his C ompany as follows: gf (eal 
aid was well: ‘admired for his staunch qualities and rugged 
- _ character by many thousands of citizens in all walks of life. He was quick to 
oe _ realize the needs of Portland and he always « endeavored to serve his city and 
fellow- -men to the best of his ability. us nod 


= i ‘During the many years in which I have been. associated with Mr. ‘aller, 

ms- q his ealm serenity, sure poise, and good judgment in the face of perplexing — 

= problems have always been a source of deep. inspiration to | his associates in i 
our company. have never known a more faithful friend, a more lovable ‘ 


‘companion or a more conscientious, loyal business associate. 


Directors of the Lumbermen’ ‘Trust expressed their Sorrow 


‘ ‘In of Mr. Franklin Ide Fuller, the Lumbermen’s Trust Com- . 
pany and its affiliated corporations have suffered the loss of a valued a 
who, by reason of his broad acquaintanceship, his acute analysis of problems, = 
his matu red judgment and his unwavering integrity, has contribu uted largely 
* the material progress of our institutions. Beyond and above this his unself- _ 
- ishness, cheerfulness, modesty of character and boundless faith in his fellow- A 
o men have endeared him to each one of us and have left to u us a arene ego 


4 we will always retain mite Clas saa 

Fuller’ s whole life was permeated | by principles which 


intimate friend, Dr. H. L. ‘Bowman, bears teatimony? bs 


4 


__ “Mr, Franklin I. Fuller during his residence in Portland was associated with Sey: 
wh the Church and with Christian work. In 1909 his membership was placed in 
j the First Presbyterian Church with which he was actively affiliated. For the > 
Fi last thirteen years of his life he was a member of the Board of ‘Trustees of Ride 
Church and for the last ‘two y years its President. He | gave and 


Mr. Fuller’s life was not one in which Christian 
_ showed in Church activity. His life was an outstanding instance of the prin- 
ciples of the Master interpreted in terms of. practical business life. In the 
a beautiful and considerate fellowship of. the home, in devoted friendship, in s 
: sterling integrity of business conduct, in urisélfish consideration of co- 
workers, in the activities of citizenship Mr. Fuller revealed the rich fruitage aie : 
¥ ‘of Christian character. His was a life in which religion was woven so, thor- — Bi 
oughly as to become. instinctive; with no impulse for display his life. was yet ace 
“a vocal testimony of the value of Christian ideals in building character and 
a life so mastered by the spirit of Jesus’ Christ. becbmes'} in memory a as 
sit wan in in fellowship a summons to the noblest life.” ii 9 


To the members | of his profession Mr. Fuller’s conspicuous success as an 


source of his co rdiality and kindness constant: 
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-couragement, his fine public spirit an example, and his upright life an inspira 


ay ‘Fuller was elected a Member of ‘the American Society Civil En- 


gineers on J anuary 6 Hew was one of the first Presidents the Portland 


ROCKFIELD FURM AN, M. Am. Soe, C.. 


G 


band ob Rockfield Furman, the son of J ohn M. and Virginia Holmes Furman, 


at ‘tlie Friends ‘Schoo! in ‘New York, N. Y. He then 


> _ Stevens Institute of Technology at Hoboken, N. J. , from which he was gradu- 


1885 with the degree of Mechanical Engineer. 


brief in ‘the rebuilding of ‘marine. engines, in 1887, he 
te entered the employ of Otis Brothers and Company, manufacturers of elevators | ‘ 
and hoisting machinery. ro Working first as a ‘Draftsman, he early acquired a 
~ eonsiderable knowledge of elevator ‘apparatus ‘and was generally assigned to 
take charge of elevators of an unusual. character. io. 
Ce In 1888, he went to Paris, France, as Resident Engineer in charge of all 
work in. foreign countries “There he was in charge of ‘the erection of 
two elevators in the Eiffel Tower. _This ‘undertaking, at a time. when 


_ vailing low, brick- -walled buildings did ‘not call for any long lifts, presented 


a unique problem, since the Eiffel Tower elevators ascend 420 ft., with a load 
Mr. Furman in Paris during the time of the. Exposition i in 1889 
=ieh and then returned to the United States where he. took an important part in 
development of high-pressure hydraulic apparatus, which was in 
a. that time. “As Assistant Engineer, he co- -operated in the design of three 

25 000- lb. passenger ‘elevators, as well as towers an nd viaduets, for the Weehaw- 


ken Viaduct at Weehawken, N. , and superintended its erection. “About this 


Divo ST 


a time he was also engaged on ‘the ‘Catskill ‘Mountain Incline. In 1891, he 


‘assumed full charge of the Engineering Department of Otis Brothers and 

in 1804, Mr. Furman again crossed the ocean, this time to Glasgow 


In 1896 he severed his connection with Brothers” ‘and 


- become Secretary and Treasurer of the O. F. Parker and Com mpany until 1898. 


- During this time, in addition to other works, he was in charge of the deepen- 


eel 64 miles of the Erie Canal. He then went to London, England, where 
a engaged in professional engineering work as sa Consulting and = 
“| 
_| 


Engineer. As Consulting Engineer to the ‘Sprague Electric Elevator Com- 


yu 


Memoir prepared by Theodore V. -Pre 
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‘pany, he: designed. for the 


$15 000 Lon den Central | Railway’ and their, installation. 


Bert installation. the 170 ‘electric 

--Railways.' He laid d out the twelve large e elevators installed in the Elbe Tunnel 
“at Hamburg, Germany, and shortly. afterward left the Otis Company t to join a % 
‘the well-known architects, D. H. Burnham and Company.’ 
this firm, which later assumed. its present name of Graham, Anderson, 

‘Probst, and. White,. Mr. Furman remained until his death. As Chief Mechan- 


‘eal Engineer he assisted in the design of many large buildings for which the 


firm acted as Architect, among which were the Peoples Gas Building, Wrigley 


is 


Building, Continental. and Commercial National Bank Building, Straus 
Federal Reserve Bank the Museum of 


by tines sisters end two brothers. “foun Ete he: od berg! 
eB Although Mr. Furman’s professional life was one of distinction and — 


g success, his private life was perhaps even a greater achievement. — a 


was a man of strict integrity and of a notably affable and kindly nature. a a 
constant cheerfulness and good humor, and this despite a chronic illness in his 
later years, won for him a host of intimate and devoted friends. = eg. 
He a m member of the University Club of Chicago and the Engineer rs 


Mr , Furman was elected a Junior of the American Society of Civil ‘East Pees 

neers on J uly 2, 1890, and a Member on December 77,1904. , 


CHARLES. WILLIAM KNIGHT, M. Am, Soc. lis 


“bag 


‘Charles William Knight, of H. and Julia E. (Butts) 


| ‘Knight, was born at Stanwix, near. Rome, N. Y., on October 26, 1847. _ He was Oe 
graduated from the Rome Academy, having had among his teachers the Hon. 


3 
LU 
lihu Root and Professor Oren Root. He also attended the Eastman Busi- 
r. Knight's father was @ land surveyor and carpenter and under his 
- instruction the son learned the elements of surveying and gained a tho: 
yas POM 
know edge of the carpentry trad 


engineering himself with “the cabinet maker’s 


also, in which he was able to do highly creditable. work, ‘His next earliest 
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OF CH <RLES WILLIAM KNIGHT 


under the late George W. ¢ 


make his life work applied himself to such studies as 
would fit him for that profession 20 ‘He was “associated with the late ‘Peter 
Hogan, ‘a Civil Engineer of Albany, N. Y., on several projects, among which 

were the -water-works systems of Grand Rapids and Muskegon, Mich., and 
original water- works system of G Gloversville, N. Y. 
After the completion. of these works, Mr. Knight, as Contractor, built con- 
widet contract ‘many systems of In 1881+ as 
- ‘neer for R. D. ). Wood and Company, of Philadelphia, | Pa., , Contractors rs, on 6 6 
miles of 48-in. pipe line from the Kensico Dam of the Bronx River - supply. 
‘The partnership with Mr, Miller continued until about 1885, after which Mr. 
_ Knight discontinued contracting to devote his time to the practice of his chosen 
profession, making a specialty of Hydraulic and ‘Sanitary Engineering. 


A partnership | was formed 1 with Charles C. Hopkins, M. Am. Soe. C. E., in 


- December, 1887, which continued until J anuary 1, 1890, ‘when J. W. Ledoux d 
and J. W. Kittrell, Members, Am. Soc. C. E., were added to ‘the partnership, 


= The Stanwix Engineering ‘Company, of Rome, N. Ledoux: 


Knight and | Hopkins. This latter ‘continued until 1 1910. In ‘1919, 
with his son, Arthur P: Knig ght, Mr. Knight organized the engineering firm 
of C. W. Knight and ere! which: continued until the death of the eld r Mr. 

During his long. career, Mr. Knight served as Chief Engineer of 
_ complete systems 0 of water- works, among which were tl those of. Sayre and Athens, : 
Scottdale, Uniontown, Muncy, Marietta, Tunkhannock, Connellsville, Green- 
il and Uniontown, in Pennsylvania; Cambridge, | Cazenovia, ‘Frankfort, 
Tlion, Jordan, Ossining, Skaneateles, ‘Wellsville, and Cleveland, in New York; 
ie and Newcomerstown, i in Ohio. ‘He was also Chief Engineer of the | storage an 


. - reservoirs of the Altoona, Pa., Water- Works; ; of the Westmoreland 


ater Company’s | System supplying Greensburg and other Pennsylvania bor- 
a ughs; of the Bear Rock Run and the Bell’s Gap Run Reservoirs for the Penn- * 

ies, sylvania Railroad Company; of the new water supply for DuBois, Pa.; and of 
improvements to t the supplies of ‘many other municipalities. In his wo w he was” 


upon to appraise the value of many existing water-works s stems ‘and 


act as expert in many legal cases involving the diversion’ of water. 7 

Those who ‘were acquainted with Mr. Knight knew. him to be a of 


cet 
innate “honesty and fairness and of a most genial nature, modest and 
He never allowed his temper to get the better of him, nor did he 


show umbrage at provocation. 1 His early experience as_ a contractor taught 


him fair dealing i in his later work, ‘and in all his engineering g engagements oe 
formulated opinions carried great weight. Temperamentally he was an 


optimist, always seeing the good and the bright side.o of life and its and 
7 lover of the beautiful i in human character and i in Nature, He took a great 
in to his native town “and city. 
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' ‘andl: consistent the Ps 
‘Church, and arte a member 
He ‘was twice married, his first wife having been Altay “Elizabeth Potter, 
of Cleveland, N. Y., whom he married on October 18, 1875. Of the four chil- a 
dren’ born of | that marriage, | one son, Arthur -P. Knight, survives him. Mrs. 
Knight died on December 18, 1884. His second wife was Charlotte L. Lyndon, 


of Eaton, N. Y., whom he married on October 16, 1907, and who, with: two chil- oT : 
dren, Dorothy L, and Edgar Franklin, survives him. 
_. Mr. Knight was elected a Member of the American Society of Civil Engi- 


N GI M. Am. . C. E.* 


udson Gilman Tabler, tl son of William D nd Mary (Reader) Tabler, 


was born on August 4, 1877, in ‘Washington, he ‘received 


Mr. Tabl 
when w war against Spain in 1898 he 


“his position enlist.” He served that war with Company F of the 


= 


> 


p ‘a ‘ remained on the Island until J ruly, , 1902, being engaged during this t 

ntman on highway and railway construction. 
hens, the summer of “1902, he ‘returned to the United States and for the 


i yenabelee of that year was located in Jennings, La, on irrigation work, going — 
_ from there to Mexico in December to accept a position with the Nationa 
: Railways of Mexico: ‘He remained in Mexico for more ‘than eleven years, or 


— until 1914, when the revolutionary § state of the country had paralyzed all co 

struction work, During this time Mr. Tabler. rose from Instrumentman 

the position of Chief Construction ngineer for ‘the Company, havin 

many responsible ‘and important positions in the ‘interim. When forced 

the: Revolution in 1914, he was | engaged in building a railroad from 

Tampico to Vera Cruz, involving very - difficult construction problems. ne 
im 
ge After his return to the: United States, Mr. Tabler. was, employed for a 

ba, "time as Assistant Resident Engineer on maintenance of. way by Inter- 


_ pational and Great No rthern Railroad Company. In January, 1916, he becam 


Principal Assistant Chief 1 Engineer of the Berthe Engineering: 
Charleston, Mo., Consulting Engineers for various drainage and flood pro- 

tection projects ‘and other work. _ Except for a few months with the United | 


“States: Engineers exas, in 1916, and a year spent in laying out and super- 


vising the ‘construction of a plant at] ‘Penniman, Va., including bu buildings, | 


enn 
railroads, and yards, for the. Dupont 
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+1918) "during: ‘the World Berithé: Engineering 
— until June, 1921, ‘when he resigned to accept. a position with “the 
Virginia State: Highway Department. While with the Berthe: Engineering 


Company, ‘he had ch sharge construction work valued at more than $3 000 000, 
‘con. 
a ne Mr. Tabler remained with the Virginia State. Highway’ Department ‘until 


o anuary, 1924, when he resigned to accept the position of County Engineer of 


Bedford County, Virginia, with headquarters at Bedford, where he had made 
the comparatively short of f life alloted to him Mr. -Tabler had a 


\ 
and varied ‘experience. The writer knew him intimately for more 
ae 


ae than twenty-seven years, having first met him in the Army i in 1898, and after- 


--ward worked with him for years in Cuba, Mexico, and the United States. aw He 


0 was a man of real ability, at his best when conditions were most difficult, never 
losing I his temper or his judgment i in times of emergency and always: ready to 


“a expend his last ounce of energy to ‘ “put the job through”, _ Men w who worked 
with him invariably not only admired and respected him as an Engineer, but 
. 


-_ valued him as a friend. He inspired true and lasting friendships among his 


fellow workers, _ ; Mr. Tabler was in every way the personification of. an engi- 


 neer and a gentleman and his memory will live long i in the hearts of all ‘who 
knew him. He 


was married in El Paso, Tex., to Dora ‘M. Wrieth, who sur-— 


*) (ee was a member of the American Association of Engineers, of the 

"Masonic Fraternity, and of ‘the Ohiistian Chure 

ember of the American. es of ( Civil Engi- 


ac 


‘Tobias * tran ‘the son ‘of the: Captain of the Ha of Mandal, Norway, 


was born in Mandal on January 10,1867, 
After finishing school at home, he went at the age of 18 to Gothenburg, 

: Sweden, to study engineering at the Chalmerske Institut of Technology. _ In 
ia his veins, however, ra:i the blood of the old Vikings and, in 1887, he left the 
-__[nstitute to embark for the United States’ and eventually landed at New York, 
first: he found it difficult to secure a position to ‘his liking, but he 

4 finally succeeded in | obtaining employment i in a bridge shop, where he painted 

_ bridge girders. Not long afterward Mr. Ténnesen was promoted to a position 
in the Designing Department as a Draftsman. hun 
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fring a « 1889 he went West, where be held ‘several. positions, first in the Cit 


the eer’s Office in ‘Seattle, Wash,, and, later, asa ‘Topographer and Instru- 


ering on the Great Northern. System. Subsequently, he became Assistant Bp 
1000, "Engineer on the Everett and Monte Christo Railway; the California Midland — 
Railroad, at San Francisco, ‘Calif., and the San Francisco and Great Salt 
Lake Railroad. Mr. Ténnesen was also employed on irrigation and 1d municipal 
until work § in ‘the State of W ashington; with the Nelson and Fort Sheppard Rail- 

er of road, at Nelson, B. C., Canada; with the Great mlowthante Baibiond and also. 


made the Partland, _Ore., Water- Works, 


i 


del alt Ferro thus he ‘desided 
“that it would be to his advantage to complete his theoretical } of 
“engineering ‘and, therefore, he returned to "Gothenburg in to enter 


prot 


again the pe Chalmarska Institut of Technology, from which he was graduated 


Pe his stay in Guatemala; Mr.’ “Pétinieden’ Bad made the acquaintance > iy 
of t the owner of large coffee plantations, a Norwegian, Carlo Z. Thomsen, 
a resident of Hamburg, Germany, who ‘introduced him to “members ot 
“large | German Company, Otavi Minen and Eisenbahngesellschaft, of Berlin. 
- This: firm engaged him as a Consulting Engineer during the construction ie 


ite: 350-mile cy (0. 60 called Otavi_ Railway, 


South-¥ ‘Africa, at the t ti 
world. ‘The actual: work was started in 1903, and was completed as far 


the Tsumeb Copper Mine in 1906. During this period the Germans were at 
this railway Mr. Ténnesen had an opportunity to show his great. ability 


nd experience in -failway | it was a not only ithe longest, but 


a 


ga renown. The were ‘Koppel and Company, of 


¢ -Berlin,, which firm was also in charge of the location of. the railway. heroines 


"After the ‘completion of. the Otavi Railway, Mr. Ténnesen was engaged in 


as. General ‘Manager to the South- West ‘Africa Company, Limited, of 
ra London, England, for its large estates and mining properties at Grootfontein — 


in the northern part | of South- West Africa. With the exception of a few 
“ye 
years spent in Norway ‘during the World War, when he was ‘interested in 


in ‘South- "West Africa Mr, numerous to 


“its northern | 


i Geographical Society, London, to a large audience. On : one of his rips he 


penetrated into Portuguese Angola, where he contracted sleeping sickness 
which ultimately caused his death. He died. on shipboard on hi way to his 
i home i in Oslo, Norway, on February 22, 1925, and was. buried at sea. He i is sur- 


vived by his wife and two children, live i in Osl 
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‘a memorial: to him the South- West . Limited, has 
a 6-ft. base of Norwe- 

gian Laborador -syenite. ‘The b ‘bust was made by @ young Norwegian artist. 
“was a real man, of strong opinions and principles, 
did: not hesitate to fight f for what he thought to be right. | Hey was s unusually 
energetic and industrious, never sparing himself. He was gifted with 


pe. mon sense and had a wide, practical knowledge for which he was. probably — 
indebted to his experience in the United States, a country which | he admired 


and often mentioned. 
> pele In a addition to being the recipient of. the Royal Norwegian Order of St. 


Olay, Mr. Ténnesen was also_ decorated with the Prussian Order of the a 


EL 
Eagle: for his services rendered the construction of the Otavi- Railway in 


in 


_ Mr. Ténnesen was ele lected a Member of the American Society of (Civil 
SOHN BOSS CHAMBERLIN, Assoc. Am, Soe. 


ta, John Ross | Chamberlin: was born in Rochester, Ohio, on March 15, 187 76. He 


was the son of’ Dr. Charles ‘Chamberlin, a_ practicing ‘physician, who died 
when John was five y years of : age. ‘His ‘mother, Tillie -(Kisinger) Chamberlin, 


yhen 

Mr. Chamberlin. “received his early ‘education. in. district) and 
s. W hen h he was” seventeen years of age 

the family Tiffin, Ohio, and he entered the Academy 0: of Heidelberg 
University in the fall of 1894. During the summer months he worked for the 

‘ County Engineer, Mr. ‘Charles J. Peters, and it was here that he acquired his 
first knowledge ‘and experience a ‘civil engineer. In the fall ‘of 1898, 
en entered the Ohio State ‘University where | he remained until April, 1902. He 
 Seruew’ from the University and went to Peru where he spent a year 

_ with the Engineering -~ in charge of of the construction | of the Cerro de 
“- On} his return to the United States in 1903, Mr. Chamberlin’ accepted a 


ie position with the Baltimore and Ohio Railroad, with headquarters at Balti- | 
i me more, Md. In the fall of 1905, he returned to the Ohio State University as 


PT 


Instructor i in Civil Engineering, and was, “successively, nstructor and Assist- 

ant Professor of Civil Engineering until 1912. He was graduated from the 
(er! 


‘ sae Ohio State University with the degree of Civil Engineer as of the Class 


an Pm In 1912, he was appointed Division Engineer i in the ‘Buicaw of ‘Bridges of 


the Ohio ) State Highway ‘Department, and, in Engineer of Bridges, 
in which capacity, he served until 1919. ee ito OO 


Memoir prepared by Clyde T. ‘Morris, M. Am. Soc. 6. 
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MEMOIR OF JOHN TON GOODELL 
Daring this time r. Chamberlin: was quite active in the 


economies « of highway bridge construction, ‘and several Bulletins 


_ bridge and pavement design were published by the Highway Department under 


his direction. In 1915 to 1918 he made a study of highway bridge specifica- 
oa ‘in 1918, the specification for hi ghway structures, of the Ohio State a 


Highway Department was published. new important provisions in 


this ‘specification, especially ‘with reference to reinforced concrete floors, an 
- the determination of the required waterway for bridges, were the work of — 


received an appointment as Senior Highway Bridge 


| States Bureau of Public oads and spent a year in ee. . 


FES, 


ed to District No. 5 at Omal ae 


os he ‘He was married in 1907 to Ada Maurer, o Chillicothe, Ohio, _ who with | 


five children, two sons and three « daughte ers, survives him. areal) ofl 


Mr. Chamberlin was | appointed a a _ member | of the Special. Committee on 


Conerete and Reinf forced Concrete Arches of the ‘Society in “May, 1923, On ra 
J learning of his death the following minute wes signed by all the members of 2a 
Committee and sent to the Board of Direction: byw 

‘ 


“Tt was with deep regret that we, the members of the Committee _ on Con- 
‘crete and Reinforced Conerete Arches of the American Society of Civil — 
Engineers, learned of the death of John R. Chamberlin. = +l 


_ “Mr. Chamberlin was appointed on the Committee in May, 1923, and was =! 
a faithful and interested participant in its work until his death. . He brought — 


— 


“hed 


é, oe a wealth of good judgment and wise counsel to our work and his quiet cour- 


teous manner and lovable disposition endeared him to all. ssi Bi ee 


| we feel keenly the loss of his good counsel in our proceedings and of his | 
at genial presence, and wish to express Our sorrow at his loss, and our sympathy 
his family which has lost a. ‘kind and loving father. Je eral 
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STANTON GOODELL, Assoc. M. Am, Soe. € 


; _ John Stanton Goodell was born at Amherst, Mass. ; on January 20, 1875. 


He was : the elder son o of the late ‘Henry Hill Goodell, formerly President of the 
‘Massachusetts Agricultural Helen Stanton Goodell. He 


descended ; from Puritan ancestors, the first of the family to come to America 
avin been Robert Goodale who settled i in Salem, ‘Mass., , in 1634. Eighty 


more members of the family spelling the n name either “Goodale” or or r “Goodell” 

served in the Revolutionary. War. no  oonshivosT af 
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[EMOIR OF ‘FRANK LAWRENCE ‘SHELDON 


Goodell received his education at the Massachusetts Agricult) 
lege, at Amherst, -and, later, at the Rensselaer Poltecnie Institute, 
Y., where he completed his course in Civil Engineering. 


= 


brig 


March 1, 1899, until F ebruary, 1908, he was connected with Guts, 
Geen and Santa Fé Railway, 


Engineer under 0. F. W. Felt, M. Am. Soe. 6. Chief at 


aia) February, 1908, Mr. Goodell - resigned, to accept a position with 


Kwong Tung Yueb- “Han R Railway Company, Limited, at Canton, 


serv ving as Principal Assistant Engineer and, later, until Augu st, 1910, as 
: "Engineer of Maintenance of Way, under the late Sir Chentung Liang Cheng, 


former Ambassador to the United States, who at that time was President of 


10 F rom August, 1910, to October, 1911, he was engaged in private practice 


of at Amherst, Mass., prineipally on land s surveys, work on sewer lines, replacing 


dos st highway monuments, ete. From October, 1911, to July, 1916, “Mr. Goodell 
served as J Manager of a rubber plantation i in ahiku, Island of Maui, Hawaii, . 
and from J uly, 1916, to ‘September, 1921, he ‘was. employed ‘as’ Assistant En- 


te 


gineer in the Construction Department of the Atchison, Topeka and Santa Fé 


net Company, under C. F. W. Felt, Chief Engineer, at t Chicago, Ml. oe 
While i in this position Mr. Goodell was engaged in checking estimates for 
"proposed. construction work in Missouri and later was in charge of a field office 


at Brunswick, Mo., where estimates, -Jocation and right- -of-way maps, “profiles, 


plans for the elimination of highway grade crossings, e ¢., were made for « a 


line from Standish to Moberly, Mo. eat ak vlintat 

_ From July 21, 1917, to June 1, 1921, he ) was il in charge of the construction — 
of the Barton County and Santa Fé ; Railway from Holyrood | to Galatia, Kans. ¥ 
‘ On the e completion of this work he returned to . Amherst, Mass., where he e en- 
gaged in private in in this work until 1924 when 


‘Mr. Goodell was May 29, 1906, t o Edith Friese; at 
a Tex., who survives him. He is also survived ty’ his mother, Mrs. Helen 8. 
ie Goodell, of Amherst, Mass., and a brother, Dr. William Goodell, of Springfield, | 
he aa Goodell was elected an Associate Member of f the American Society. of 


Civil Engineers on March 1906. He was also a member of the American 


FR ANK LAWRENCE SHELDON, Assoc. M. Soc. E.* 


rank Lawrence’ Sheldon, the: con of Prank and Nellie (Noyes) 


Memoir prepared by Frederick H. ‘Paulson, ‘Tun. ‘Boo. 
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Williams. His the nder of the firm of Sheldon and 
was a. mill engineer, having designed : and re-organized many of ‘the 

prominent textile establishments in the United States. 
Mr. Sheldon’, s earlier education was received in the p public schools of Prov-- 
idence, and at ‘Riverview Military 4 Academy, Poughkeepsie, N. x. 1 In 1908, he . 

=< Rensselaer Polytechnic Institute, Troy, N. he as a student in Gil 


--Engineering, but left that institution in 1905, to enter his father’s employ 


as Resident Engineer « on mill construction, his first work having been on ‘the a 


buildings for the Lorraine Manufacturing Company at Pawtucket, 


se After serving for several years in this position, he entered the office of the © 


e ‘Company and assisted in the design of various industrial plants. - In 1912, he ae 
went t to ‘Knoxville, Tenn., to represent : the firm of F. P. Sheldon and Son and 4 
© supervise the building of a large mill and weave shed for the ee 
4 Mills, under its plans. On ‘the completion of this construction, he aera 
took up office work, pers at the time of his death, was second in charge of 


the office, seein the work for the drafting force, checking ‘plans and come 7 


: Sheldon was a ‘member of the Rensselaer Society of Engineers and 


of the American Society for Testing Materials, having ‘served on its Com- say 
mittee on Textile Materials, as he was familiar with | textile manufacturing 


and had made considerable research i in this art. 


Having been a proficient athlete in his. had been a mem 
z ber of the football and hockey teams at Riverview Military Academy and 


at Rensselaer Polytechnic Institute—he always maintained a ‘great int interest 


: fond of boating, hunting, and fishing, being at t the time of his death amem- — 


fine arts, music was: his greatest delight, and while at Riverview Military 
he was a member of the Glee Club. 


. i Sheldon died, after a brief illness, at his home i in Wicsitiaadion: on J une 
22, 1925, and is ‘survived by his wife, Je etty (Wilson) Sheldon, to whom 
e was married on March 12, 1907, a son, Frank L., Jr., a sister, Mrs. James” 
‘zB. Barrett, and a brother, Arthur N, Sheldon, of the Seve of F. P. Sheldon 


of the » Rhode Island Fish and Game Protective Association. Among th 


in sports and was a keen student of modern football tactics. ‘He was was ‘also 2 


ae 
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